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TRV C/ 02 OOC? Cf’ For EPA Use Only
e ID#
Worksheet 1. Contact and =‘M'é“th“y‘l“’B’ri‘aﬁq"-i-d"é*Ré“qu‘e’é”tf- Information b
The following information will be used to determli the amount of methyl bromide requested arid the contact person for this

request. It is important that we know whom to contact in case we need additional information durlng thé review of the’
application:

Location .
(Enter the state, region, or county. Provide more detail about the location lf relevant to the feaSIblhty of alternatives‘tc methyl

bromide:)
Michigan, USA

Croplcommodtty
(Include all crops/commodities that benefit from the application of methyl bromide in a fumlgatlon cycle. A fumigation cycle is
the period of time between methy! bromide fumigations.)

This application is for sol_anaceous‘c_ro‘_"_s_n_‘__1"_‘cro___‘_/fum_l_v_‘atlon._‘c_vcle__,mSolanaceous“cro s include tomato_»

gegger, and egapl ant.

Climate = - T .

(Individual users should enter their climate zone desngnatton by reviewing the U.S. climate zone map. If a consortium is
submiitting this application, please indicate the estimated percentage of consortium users in each climate zone. This map is
located at the end of this workbook or it can be reviewed online at http://www.usna.usda.gov/ Hardzone/ushzmap.html).

All users are located in zone 5B (average annual minimum temperature -10.to <15 F). -

Soil tybe Check the box(es) for the soil-types and \percent» organié matter fhat épbiy'to your area. If a consortium is submitting
this application, please indicate the estimated percentage of consortium-users in each soil type.

Soil Type: Light X Medium X Heavy
Organic Matter: 0t02% ., 25 2to5% 75 over 5%

Other geographic factors that may affect crop/commodity yield (e.lg., water table).

Consortium name Michigan solanaceous crop (fomato, eggplant, Specialty (check one)

pepper) growers

Contact name Dr. Mary Hausbeck agronomic X

Address Mich. State Univ., Dept. of Plant Pathology K economic

140 Plant Biology Lab

E. Lansing, MI, USA 48824-1312

Daytime phone ~ 517-355-4534 . 10. FAX 517-353-9704

E-mail hatishec1@msu.edu

List an additional contact person if available. Specialty (check one)
Contact name Barbara Dartt, DVM, MS agronomic

Address Salisbury Management Services, Inc. : economic X

2487 S. Michigan, P.O. Box 10

Eaton Rapids, MI, USA 48827-0010

Daytime phone 517-663-5600 15. FAX 517-663-5608

E-mail bdarit@salisbury-management.com
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Worksheet 1. Contact and Methyl Bromide Request Information ID#,

How much actlve mgredtent (al) ‘of methy! bromlde are you requestmg for 2005? 115 408 Ibs.
ifa consorhum is submitting this application, the data for question 17 and 17a. should be the total for the consorttum

In the que'stion below, area is defined as follows for each user: acres for growers, cubic feet for post harvest operations, and square feet for
structural applications.

17a. How much area will this be applied to? Please list units. 2,687 acres  units

Are you requesting methyl bromide for additional years beyond 20057 Yes X No

18a. If yes please list year and quantity active lngredlent (al) of methyl bromide requested in the table ‘below and explaln why you need
authonzatlon for multlple years

Addnttonal tlme 'ls needed to faculltate testlng of potentlal alternatlves for crop safety, pathogen 7' -

efficacy, and incorporation into commercial production systems Also, we anticipate that addltxonal

growing seasons are heeded for dénionstration plots with grower cooperators.
If & consottiuim is sUbmitting this application, the data below sholld be'the total for thé consortium.

in the table below, area is defined as foliows for 8ach’ iser: acres for-growers, cubic:feet for post harvest operations, and square feet for
structural applications. ’ —

Year | Quantity ai (Ib.) of Methyl Bromide Areato be Treated » Unit.of_ Area Treated
2006 113,230 . . 2,636 .- ‘acres '
2007 108,875 B - 2,535 acres

Target Pest(s) or Pest Problem(s):
(Be as specific as possible about the species or classes of pests relevant to the feasibility of alternatives.)

Soil-borne fungi that cause crown, root, and fruit fot, including Phytophthora capsici (primary problem), Verticillium spp., and

Fusarium oxysporumf{.sp. /ycopersicae.

If applying as a consortium for many users of methyl bromide, please define a representative user. Define exactly,
issues such as size of the operation (acres treated with methyl bromide for growers, cubic feet for post-harvest operations, and square feet for
structural applications), whether the representative user owns or rents the land or operation, intensity of methyl bromide use (treat regularly or

only when pest reaches a threshold) pest pressure, etc.

A representative user employs raised beds, black plastic, and trickle irrigation. The fumigant is applied preplant. The user owns

the land and operation. The user utilizes rotation, but due to pathogen longevity the problem is treated regularly. The user grow:

for the fresh market industry, and requires earliness and blemish-free produce for several days postharvest.

20a. Explain why this user represents the typical user in the consortium.

The typical user grows for the fresh market industry. Raised beds are used to decrease Phytophthora problems. Trickle

irrigation is used to prevent blossom end rot, and black plastic for weed control.

OMB Control # 2060-0482
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ID#
Norksheet 2-A. Methyl Bromide - Use 1997-2000
if a consortium is submitting this application, all data should reflect the‘ actual data for the consortium.
Col A: Formulation of Methy! Bromid.e Enter tﬁe appropriate data in Col B-M for each formulation, if known, and/or the totals and averages for alf formutations. |f you enter only the total and

averages for all formulations in the last row of the table, please describe in the comments section the formulations typically used, or the approximate
proportions of the formulations used. ’

Col B, E,'H, K: Actual Area‘ETreated Enter the total actual area treated. Note: This number should be the total actual area treated by the individual user or total actual area for the entire
. consortium, for the year indicated.

Col C, F, I,-L: ActualTotal Ibs. ai offMethyl Enter the actual total pounds active ingredient (ai) of methyl bromide applied. Note: This number should be the total pounds ai applied by the
Bromide:Applied - - individual user or the entire consortium, for the year indicated.

Col D, G, J, M: Actuél Average Ibs. ai The average application rates in pounds ai of methyl bromide per area are automatically calculated from the previous 2 columns.
Applied per Area :

Area is defined below as follows for eaéh user: acres for growers, cubic feet for po'st-harvest operations, and square feet for structural applications.

A B C D E F G ) H i J K L M
Formulation .of Methyl Bromide 1997 1998 1999 2000
Total Actual{Actual Total] Average |Total Actual{Actual Total]l Average |Total Actual|Actual Total| Average |Total Actuat Actual Total] Average
Area Ibs. ai of Ibs. ai Area - Ibs. ai of Ibs. ai Area ibs. ai of Ibs. ai. Area Ibs. ai of ibs. ai
Treated Methy! |Applied per| Treated Methy! | Applied per| Treated Methyl |Applied per| Treated Methyl | Applied per
Bromide Area Bromide Area Bromide Area Bromide Area
Applied N Applied Applied Applied

over 95% methyt bromide

75% methyl bromide, 25% chloropicrin '
67% methyl bromide, 33% chloropicrin 1054 113230} 107.428843 1013 108875| 107.477789 1013 108875 107.477789 1156 124118} 107.368512

50% methyl bromide, 50% chloropicrin

% me,i.hyl bromide, _ % ch!propicrin

___% methyl bromide, __% chloropicrin

All formula'ﬁons of methyl bromide . . 1054 113230 107.428843| 1013 108875 107.477789 1013 108875] 107.477789 1156 124118} 107.368512

C:"omh\ents: .
Actual area treated is in acres. Applications were made under plastic with an average bed width of 24",

pa

OMB Control # 2060-0482




Application for Cntlcal Use Exemption of Methy] Bromide
for Use in 2005 in the United States

Economic Sun’imary:

Budgets representatlve ofei ght Michigan fresh market vegetable crops were constructed using
grower focus groups.. ‘These budgets were' compared to the alternative revenue and cost
structures present if no methyl bromide weére utilized. In the case of all eight crops, use of
methyl bromide generates higher profits than production without this fumigant.



Application for Critical Use Exemption of Methyl Bromide
for Use in 2005 in the United States

Worksheet 2-D. Methyl Bromide - Use and Costs for 2001

In Michigan fresh market vegetable crops, methyl bromide (MB) is utilized as a component of a
plasticulture system. Fields are prepared with a minimal amount of traditional tillage using
moldboard plows, tandem discs and tractors of 100-140 horsepower. Following this preparation,
a tractor (100 hp) pulls a piece of equipment called a bedder or plastic layer. This equipment
simultaneously forms beds, lays plastic and drip tube and injects MB. This equipment can
usually bed about 1 acre per hour and utilizes a crew of 4 laborers and an equipment operator.
The operating and ownership costs of running this equipment and paying the crew were
calculated to be $98 per acre. It is not possible to separate the application of MB from the

- portions of the plasticulture system.

Worksheet 2-C. Methyl Bromide - Crop/Commodity Yield ahd Gross
Revenue 2001

Eight vegetable crops are includedin this application. They are:

Curcubit Crops - Solanaceous Crops
e (Cantaloupe o Eggplant
e Cucumber e Tomato
e Hard Squash o QGreen Pepper
e Watermelon
e Zucchini

Price data for these crops were averaged across quality grades and seasonal differences. Use of
MB does facilitate earlier harvests because it has a shorter spring waiting period than
alternatives. Methyl bromide also supports growth of a healthier, more vigorous plant. On
average, crops produced with methyl bromide bring a higher price because they can be marketed
in more timely manner, taking advantage of early high prices. In addition, a larger percentage of
product can be marketed in quality and size grades that bring a higher price.

Worksheet 2-E. Methyl Bromide - Other Operating Costs for 2001
Methodology and Assumptions for Budgets Provided in Place of Worksheet 2-E.

The budgets for the eight crops included in this application were developed using grower focus
groups with a good knowledge of the industry and good field, enterprise, and financial records.
The process was initiated by defining individual production systems representative of Michigan.
Subsequently, both the sequence of decisions and the information necessary to make these key
decisions was collected. This process resulted in a list of inputs and input prices that were then
translated into costs. These costs were verified against grower records. These budgets reproduce,
as completely as possible, all costs incurred by growers.



Below are comments about the methods used ini patficular are

Costs of Capital Services (Buildings, Machinery, and Equipinent)

Estimating the annual;cost-of using-buildings, machinery, equipmient and other assetsis a - -
challenge in cost of production studies. BuiI'dings machinery and services were priced to the
enterprise on a 'custom" basis. Further, services such as land preparation were priced to the
enterpnse as a "bundled” serv1ce/task reﬂectlng both the machinery and labor components of the
service. : :

This approach requires some judgment because costs such as buildings to.house machinery and -
equipment, the farm shop, and labor used in maintenance of machinery and equipment must be
included in the "custom fee" as well as the "depreciation and interest" on the machinery and
equipment. The fact that this custom fee approach was used does not imply that custom operators
did all the tasks. It simply means the tasks are priced to the enterprise. as.ifia custom-operator-
had completed them. The services may well have been provided by the "machinery services
enterprise” of the farm. As a double check, members of the focus group attempted to compare
the aggregate custom fee costs to those based on their accounting records which included labor,
custom fees, and depreciation and interest on buildings, machinery, and equipment. Custom fees
were also double-checked against survey information when available.

Worksheet 2-F. Methyl Brpmide Fixed and Overhead Costs in 2001

Fixed costs including management and supervision, insurance and other overhead were allocated

equally across an entity’s total vegetable acres. In the case of management and labor,

adjustments were made to account for increased time demands of crops with a more complex
“biological or production cyce.
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Worksheet 2-B. Methyl Bromide - Crop/Commodity Yield and:Gross Revenue 1997-2000

ID#

If 2 consortium is submitting this application, the data for this table should reflect the actual:averages for the consortium.

The purpose of this worksheet is" to estimate the gross revenue for 1997 - 2000 when using methyl.bromide: Post:harvest and-structural users may work with EPA to modify this~

Col. A: ‘Year - °

Be sure to enter the year. Use as many rows as needed for‘each:year.for:all;the:crops/commadities in the fumigation cycles from 1997 to

Col:B: CropICOmmodlty

Enter all crops/commadities that benefit from methyl bromide:in:each-fumigation cycle. (For example, if normally methyl bromide is applied
If someone other than the applicant benefits from the appllcatlon of methyl bromide in the fumlgatlon cycle and you do not have the

Col. C:. Unit of

Enter the unit of measurement for each crop/commodity.

Col. D: Crop/Commodity Yleld

Enter the number of units of crop/commodities-produced per area.

Col. E: Price - °

Enter the average prices received by the users for the year and crop/conimodity-indicated (1997:2000).

Col.'F: Revenue

This number is calculated automatically using:the:valués you entered.in Cols: D-and E:“You:may override the formula to enter a drﬁerent

Total Revenue for 1997-2000

Enter the total revenue per year by adding the revenue for all:crops:for that year.

Average Revenue:per Year:

- The average revenue.per year is calculated automaticaily using.the summary, data you enter for.each year.

Area-is defined-below as follows for each user: acres for growers, cubic feet for post-harvést operations, and square feet for structural applications.

A B C ] B D E F
Year Crop/Commodity Unit of Crop/Commodity “Price Revenue
Methyl Bromide Crop/Commodity Yield, “ (per unit of crop/commodity) (per area)
was Applied. (e.g., pounds, bushels) (Units per area)

1997 {Tomatoes 25 Ib. Boxes 1780 $ 9.73 $ 17,320.77

1998| Tomatoes 25 ib. Boxes. 1765]. $ 9.62 $ 16,980.85

. 1999{Tomatoes 25 tb. Boxes 1880) $ 10.18 $ 19,140.88

2000 | Tomatoes 25 Ib. Boxes 1560 $ 9.57 $ 14,922.86

2001 $_0.00

] $ 0:00.

$ 0.00

$ 0.00

$ 0.00

$ 0.00

$ 0.00:

$ 0:.00

Total Revenue for 1997 $ 17,320.77

Total Revenue for 1998 $ 16,980.85

Total Revenue for 1999 $ 19,140.88

Total Revenue for 2000 $ 14,922 86
Average Revenue Per Year $ 17,091.34

Comments:

OMB Control # 2060-0482




Michigan Tomato
WITH Methyl Bromide

Michigan Tomato
WITHOUT Methyl Bromide

8. .

Price per Total per - Price per Total per
Quantity Unit Unit Acre Quantity Unit Unit Acre
Revenue 251b Revenue 25 1ib
Tomatoes 1500 boxes $ 993 $§ 14,893 Tomatoes 975 boxes $ 695 § 6,776
[
Total Revenue $ 14,893 Total Revenue | $ 6,776

Expenses Expenses

Field Preparation Field Preparation
Cover Crop (Materials, Machinery & Labor) $ 13 Cover Crop (Materials, Machlnery & Labor) $ 13
Field tillage $ 39 Field tillage 3 39
Soil Test 5 2 Soil Test: $ 2
Lime & Application $ 13 Lime & Application $ 13
Fertilizer (Materials) $ 212 Fertilizer (Materials) $ 212
Apply & Incorporate Fertilizer (Machinery & Labor) % 14 Apply & incorporate Fertilizer (Machinery & Labor) $ 14
Plastic & Drip Tape (Materials) $ 284 Plastic & Drip Tape (Materials) $ 284
Lay Plastic & Drip Tape (Machinery & Labor) $ 98 Lay Plastic & Drip Tape (Machinery & Labor) $ 98
Fumigate (Materials) $ 341 Fumigate (Materials)

Herbicide, Insecticide & Fungicide (Materials) . $ 425 Herbicide, Insecticide & Fungicide (Materials) $ 470
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) 3 54 Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 60
Plant & Grow Plant & Grow
Transplants. 3 600 Transplants $ 600
Planting. $ 75 Planting, $ 75
Staking & Tieing (Machlnery Labor & Materials) $ 627 ]+ -Staking & Tieing (Machinery, Labor & Materials) $ 627
Pruning ~ $ 120 “Pruning $ 120
Drip lrrigate: & Fertigate (Labor, Materials & Electricity) < $ 275 "Drip Irngate & Fertigate:(Labor, Materials & Electricity) $ 275

. Scouting.&.Lab - Work. - 30, Lk ‘;_;;.Scoutmg &LabWork $ 30

Field-Mairitériance - Driveways & Mowing (Mach&Lab) § 7§ iField: Mamtenance Dnveways & Mowmg (Mach &L $ 7
Harvest ' : ¥ Harvest. -

“Pick-Crop.(Field to Packing Shed) $ 1,800 . F Pick Crop (Fleld to Packing-Shed): -$ 1,470
Gradlng & Packlng (Includes shipping ‘containers)’ $ 4,500 ‘Grading-& Packing’(includés shipping containers) $ 2>,925
Shipping (includes Materials, Machlnery & Labor) $ 750 Shi‘pping (Includes Materials, Machinery. & Labor) $ 488

Sales & Marketing 9% of gross $ 1,340 | Sales.& Marketing 9% of gross $ 610 .
‘Field Clean-up $ 112"} . Field.Clean-up. ' .S, 112
Management & Supervision $ 125+ 1. :Management:&:Supervision $ 125
Interest on-Operating; Capltal 8% $ 2981 Interest.on: Operatmg Capital 8% $ 136
- “L:and'Rent $ 200 “f LandRent - . $ 200
“Insurance $ 8 ' “Insuranéet: : $
Other Overhead (Professional Fees, Education & Travel, etc) $ 10 Other Overhead (Professnonal Fees Educanon & Travel, etc) $ 10
Total Expenses $ 12,372 Total Expenses $ 8,722
PROFIT $ 2,521 PROFIT $ (1,946)




Worksheet 2-B. Methyl Bromide - Crop/Commodity Yield and Gross: Revenue 1997-2000

For EPA Use Only
1D#

if-a-consortium is submitting this application, the data for this table should reflect the actual-averages for'the consortium.

The purpose. of this worksheet s to estimate the gross revenue for 1997 - 2000 when usingimethyl: bromide. Post-harvest and.structural users may work with EPA to modify this

Col. A: Year

Be sure to enter the year. Use as many rows as needed for.each year for. ali the cropsicommodities in the fumigation cycles-from 1997 to

Col. B: Crop/Commodity

Enter all crops/commodities that benefit from methyl bromide in.each fumigation cycle. (For example, if normally methy! bromide is applied

Col:iC: Unit:of

If someone other than the applicant benefits from the applicatioh of methyl bromide in the fumigation cycle and you do not have the
Enter the unit'of measurement for each crop/commodity. R :

Col..D: ‘Crop/Commodity Yield'

- Enter the number of units of crop/commodities produced per area. -

Col..E: " Price-

Enter the average prices received by the users:for theiyear and:crop/commodity.indicated (1997:2000).

Col. F: Revenue

This number is calculated automatically using. the values you.entered in-Cols..D.and'E: You may override the formula to enter a different .

Total Revenue for 1997-2000

Enter the total revenue per year by adding the revenue for all.crops.for that year.

Average Revenue per Year:

The average revenue per vear is calculated automatically using the summary data you enter for each vear.

Area is'defined below as follows for each'user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

A B c ' D- : E F
Year- ‘Crop/Commodity Unit of Crop/Commodity- ‘Price ’ Revenue
Methyl Bromide Crop/Commodity T Yield. . {per unit of crop/commodity) (per area)
was Applied . (e.g., pounds, bushels) {Units per area) . )
1997{Tomatoes - 25 Ib. Boxes 1780 $ 973 $ 17,320.77
1998 Tomatoes - 25 Ib. Boxes 1765 $ 962 $ '16,980.85.
“1999|Tomatoes 25 ib. Boxes 1880 $ 10.18 ~ $ 19,140.88
2000{Tomatoes 25 |b. Boxes 1560 $ 9.57 $ 14,922.86
2001] : $ 0.00
$ 0:00:
» 0.00
$ 0.00°
$ 0.00
$ 0.00
b 0.00:
b 0.00
Total Revenue for 1997 $ 17,320.77
Total Revenue for 1998 $ 16,980.85
Total Revenue for 1999 $ 19,140.88
Total Revenue for 2000 - $ 14,922.86"
Averagé 'Revenue Per Year $ 17,091.34
" [Comments: : :

OMB Control # 2060-0482




Michigan Tomato
WITH Methyl Bromide

Michigan Tomato
WITHOUT Methyl Bromide

. Price per Total per A Price per Total per
Quantity Unit Unit Acre Quantity  Unit Acre
Revenue 251 : Revenue 251b
Tomatoes 1500 boxes $ 993 § 14,893 Tomatoes 975 boxes $§ 6.95 $ 6,776
' Total.Revenue $ 14,893 Total Revenue $ 6,776
Expenses Expenses
Field Preparation Field Preparation
Cover Crop (Materials, Machlnery & Labor) $ 13 Cover Crop (Materials, Machlnery & Labor). $ 13
Field tillage $ 39 Field tillage $ 39
Soil Test $ 2 Soil Test $ 2
Lime & Application $ 13 Lime & Application $ 13
Fertilizer (Materials) $ . 212 Fertilizer (Materials) $ 212
Apply & Incorporate Fertilizer (Machinery & Labor) $ 14 Apply & Incorporate Fertilizer (Machinery & Labor) $ 14
Plastic & Drip Tape (Materials}) $ 284 Plastic & Drip Tape (Materials) $ 284
Lay Plastic & Drip Tape (Machinery & Labor) $ 98 - Lay Plastic & Drip Tape (Machinery & Labor) $ 98
Fumigate (Materials) $ 341 Fumigate (Materials)
Herbicide, Insecticide & Fungicide (Materials) $ 425 Herbicide, insecticide & Fungicide (Materials) $ 470
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 54 Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ " 60.
Piant & Grow Plant & Grow , T
Transplants. $ 600 Transplants $ 600
Planting $ 75 Planting: " $ 75
Staking. & Tieing (Machmery Labor & Materlals) $ 627 Staking & Tieing (Machinery, Labor & Materials) $ 627
Pruning 3 120 Pruning $ 120
Drip-lrrigate & Fertigate (Labor, Materials & Electricity) $ 275 Drip:irrigate & Fertigate (Labor, Materials & Electricity)  $ 275
Scouting & Lab Work $ 30 Scouting & Lab Work . $ 30
Field: Mamtenance ‘Driveways & Mowmg (Mach & Lab) $ 7 Field Maintenance - Driveways & Mowing (Mach &L: $ 7
Harvest - Harvest '
‘Pick: Crop (Field to Packmg Shed) $ . 1800 Pick-Crop- (Field-to.Packing. Shed) $ 1,170
- Grading-& Packing (Includes shipping containers) $ 4,500. Grading & Packing: (includes-shipping containers). $ 2,925
'Shipping:(Includes:Materials, Machinery & Labor)- $ 750 Shipping (includes Materials, Machinery & Labor) $ 488 -
Sales & Marketing 9% of gioss $ 1,340 Sales.& Marketing 9% of gross $ 610
_Field Clean-up - 3 112 ‘Field Clean-up ' 8 112
Management & Supervision $ 125 g Management & Supervision $ 125
Interest:on. Operatlng Capltal 8% $ 298 :}. Interést.on Operating Capital : 8% $ 136
Land'Rent $ 200 | Ltand'Rent $ 200
Insurance 3 8 § Insurance- $ 8
Other Overhead (Professnonal Fees, Education & Travel, étc) $ - 10 _ Other Overhead (Professional Fees, Education & Travel, eic) $ 10
Total Expenses $ 12,372 Total Expenses $ 8,722
PROFIT $ 2,521 PROFIT $  (1,946)
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‘ ID#

Workshéet 2-B. Methyl Bromide - Crop/Commodity Yield and Gross Revenue 1997-2000

If a.consortium is submitting this application, the data for this table should reflect the actual averadges: for'the consortium.

Thé purpose of this worksheet i5'to estimate the gross revenue for 1997 - 2000 when using methy! brornide. Post-harvest and 'structural users may work with EPA to modify this

Col. Ar*Year:

Be sure to enter the year. Use as many rows as'needed for.eacti'year for.all the crops/commodities in the fumigation cycles from 4997 to

Col:B: CropICommodlty

Enter all crops/commodities that benefit from. methyl bromide-in each:fumigation cycle. (For example, if normally methyl bromideis applied

Col. C: Unit of

if someone other than the applicant benefits from the: appl(canon of methyl bromide in the fumlgatlon cycle and you do not have the

Enter the unit of measurement for each crop/commodity. L

Enter the number of units of crop/commodities produced per area. -

Col. D: CropICommodlty Yield
Col: E: Price

"Enter the average prices received by the users for thé year and-crop/commodity indicated (1997-2000).

Col..F: Révenue"

This number is calculated automatically using the values you.entered'in Cols: D and"E: You may override the formula to enter a different

Total Revenue for 1997-2000

Enter the total revenue per year by adding the revenue for all.crops for that year.

Average Revenue per Year:.

The.average revenue per year is calculated automatically using.the summary data you enter for.each year. -

Area is-defined below as follows for each user: acres for growers, cubic feet for post-harvest operations, and square feet for structural applications.

A B C - D 3 E F
Year Crop/Commodity Unit of ’ Crop/Commodity Price: Revenue
Methyl'Bromide Crop/Commodity ' ~ Yield (per unit of crop/commaodity) {per area)
was.- Applied (e.g., pounds, bushels) (Units per area) - .
1997 |Eggplants 1 1/9 Bushels . - - 1500 : $ 8.45 $ 12,675.82
1998 |Eqgplants 1 1/9 Busheils , 1500 $ 10.49 $ 15,741.76
1999{Eggplants 1 1/9 Bushels 1500 $ 8.69 $ 13,038.46
2000}{Eqaplants 1 1/9 Bushels : 1500 $ 9.57 $ 14,357.14
2001] ' ' b $ 0.00
$ 0.00
$ 0.00
5 0.00
0.00
b 0.00
$ 0.00
' $ 0.00
Total Revenue for 1997 $ 12,675.82
Total Revenue for 1998 $ 15,741.76
Tota! Revenue for 1999 $ 13,038.46
Total Revenue for 2000 $ 14,357.14
Average Révenue Per Year $ 13,953.30

Comments:

OMB Control # 2060-0482




Michigan Eggplant
WITH Methyl Bromide

Michigan Eggplant
WITHOUT Methyl Bromide

Price per Total per Price per Total per
Quantity Unit Unit Acre Quantity  Unit Unit Acre
Revenue 1186y Revenue 119 bu
Eggplant 1500 boxes $ 8.49 $ 12.742 Eggp|ant 650 boxes $ 7.74 $ 5,034
Total Revenue $ 12,742 Total Revenue $ 5,034
Expenses Expenses
Field Preparation * Field Preparation .
Cover Crop (Materials, Machinery & Labor) $ 13 Cover Crop (Materials, Machmery & Labor) $ 13
Field titlage $ 39 Field tillage $ -39
Soil Test $ 2 Soil Test $ 2
Lime & Application $ 13 Lime & Application $. 13
Fertilizer (Materials) $ 100 - Fertilizer (Materials) $ 100
Apply & Incorporate Fertilizer (Machinery & Labor) $ 34 Apply & Incorporate Fertilizer (Machinery & Labor) $ 34
Piastic & Drip Tape (Materials) $ 284 Piastic & Drip Tape (Materials}) $ - 284
Lay Plastic & Drip Tape (Machinery & Labor) $ 98 Lay Plastic & Drip Tape (Machinery & Labor) $ - 98
Fumigate (Materials) $ 341 Fumigate (Materials)
Herbicide, Insecticide & Fungicide (Materials) $ 165 Herbicide, Insecticide & Fungicide (Materials) $ 231
Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ 78 Apply Herbicide, Insecticide & Fungicide (Mach & Lab) $ a0
Plant & Grow Plant & Grow ' _
Transplants $ 848 Transplants $ 848
Planting ‘ $ 75 Planting: $ 75
Staking:& Tieing (Machinery, Labor & Materials) $ 258 Staking & Tieing (Machinery, Labor & Materials) $ 258
Cultivate & Hoe $ 94 Cultivate & Hoe $ 129
Drip Irrigate & Fertigate (Labor, Materials & Electricity) $ 267 - Drip Irrigate & Fertigate (Labor, Materials & Electricity) $ 267
Scouting. & Lab Work.. $ 30 . ~Scouting & Lab Work $ 30
Field: Mamtenance Driveways & Mowmg {Mach &Lab) $ 7 Field Maintenance - Driveways. & Mowmg {Mach &lab) § 7
Harvest Harvest
‘Pick Crop {Field to Packing Shed) $ 1,800 Pick-Crop (Field to Packing Shed) $ 780
Grading & Packing (Includes shipping contairiers) $ 4,485 Grading & Packing (includes shipping containers) $ 1,944
Shipping (Includes Mateiiais, Machinery & Labor) - $ 750 Shipping (Includes Materials, Machinery & Labor) $ 325
Sales & Marketing 9% ofgross $ 1,147 | Sales &Marketing 9%  ofgross. $ 420
Field.Clean-up. $ 112 Field. Clean-up. $ 112
Management & Supervision $ 75 F:‘Management & Supervision - $ 75
Interest.on Operating Capital 8% $ 255 -f-lnterest on Operatlng Capital - 8% $ 101
Land' 'Rént $ 200" f. Land-Rent ’ $ 200
- Insurance b $ 8 Insurante : v $ 8
Other Overhead (Professional Fees, Education & Travel, etc) $ 10 Other Overhead (Professtonal Fees, Educatlon & Travel, etc) $ 10
Total Expenses $ 11,588 Total Expenses $ 6,492
PROFIT $ 1,154 PROFIT $ (1,458)
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Worksheet 3-A(1) Alternatlves ‘_ Techmcal FeaS|b|I|ty of Alternatlves to Methyl B.o.oiee

n this worksheet you. should address why an alterna trategy on he iis ,"(see prevrous page) i oris ™.

not effective for your condltrons This worksheet contalns'9 questlons You must comglete oné cogy of wWorksheet 3:A for
each research study yoii use to evaliiate:a single methyl bromide alternative “Use: addltlonal pages as need:

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a) For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative; third, research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) For the second
alternative, second research study, label the worksheet 3-(A)(2)(b). )

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize eaoh of the researoh studies you cite in the Research Summary Worksheet. ) -

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Sectlon ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be osed
successfully instead of methyf bromide by crop and circumstance (geographic area.) The Agency has developed a list of possibie
alternative pest control regimens foF various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work:
(1) Conduct and submit your own research

(2)Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a

scientifically: sound manner. The studies should include a description of the experimental methodology used, such as application rates,
" application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of

outcome. You must submit copies of each study to EPA uniess they are listed on the Agency website. :

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should lock at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as netded.

Alternative: 1,3-Dichioropropene, Chioropicrin Study: UNEP 1998, B-83, B-281, B-87, B-287

Section L. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Fuli use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant shouid not complete Section Il
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ID#

Worksheet 3-A(1) Alternatlves Technlcal Feaslblllty of Alternatlves to Methy| BrOml de

Sectlon II Emstmg Research Studvles on Alternatlves to: Methyl Bromlde

1. Is the study"o‘h‘__EPAs ,,,ebs SR o Ye"s X Ne
1a. If ot ofi the EPA website, please attach a copy.

2. Author(s) or researchef(s)

3. Publication-and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more thari one altefnative, list the ones you wish to discuss.

6. Was crop yield measured in the study? ' Yes - No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

These studies listed in UNEP 1998 do not indicate that these treatments are effective against P capsici.
in contrast, many studies indicate that the alternatives of chloropicrin and 1,3-dichloropropene are not effective.

OMB Control # 2060-0482
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Worksheet 3-A(1)(b) Alternatlves Technlcal FeaS|b|I|ty of Alternatlves to Methyl Bromide

. In this worksheet you ! shoul es why an alter, atlve pest agement strategy on the list (see previous pagé)iis or is
not effective for your condrtlons This worksheet contains 9 questions. You must comglete one copy of worksheet 3-A for
each research study you iise:to‘evaluate a single:methyl bromide alternatlve. Use addltlonal pages as need

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For.the same alternative, first research study, label the- worksheet3-A(1)(a).- For the -
same alternative, second research study, label the worksheet 3-A(1)(b)., For.the first alternative, third research study, label
the worksheet 3-A(1){c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) For the second
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Section i, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer; you may provide the information requested in this worksheet in a narrative review of one ormore relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy] bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
-dlternative pest control regimens for various crops, which can be found at http://www.epa. gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research '

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of

_ outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has postéd many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addit'ion, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

. Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin _ Study: UNEP 1998, UNEP 2000, B-5, B-37, B-51, B-54, D-107
Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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ID#

Worksheet 3-A(1)(b) Alternatives:- Techmcal Fea5|b|I|ty of Alternatlves to:‘MethyI Bromlde.

Sectlon II EXIstmg Research Studles on Alternatlves to Methyl Bromlde.=
1. Is the study:on EPA's websnte? .' . Yleé_.". X NO - “
1a. If not on the EPA website, pleasé attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

1,3-D, chioropicrin

6. Was crop yield measured in the study? Yes No '

7. Describe the effectiveness of the alternative in controliing pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

These studies do not indicate that these treatments are effective against P. capsici. In contrast, many studi'es

indicate that the alternatives of chloropicrin and 1,3-dichloropropene are not effective.

OMB Control # 2060-0482
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Worksheet 3-A(2) 3 Alternatlves ‘Technical Feasrbmty of Alternatlves to Methyl Bromide

i th|s worksheet -you-should.address why an nagement strategy on the list{see previous p’
not effective for your conditions. This worksheet contains 9 questions. You must’ ‘complete one copy of workst
each research study yoi-Use t6 evaluate & single:methyl: bromlde altemahve Use additlonal pages as. need

For worksheet 3-A you must complete one worksheet for each alternatwe, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3:A(1)(a).:For the .
same alternative, second research study, Jabel the worksheet 3-A(1)(b).. For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3~(A)(2)(a) ‘For the second
alternative, second research study, label the worksheet 3-{(A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, youi may provide the information requested in this worksheet in a narrative review of one .or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Sectionil. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/iozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency wrth proof of your investigative work.

(1) Conduct and submit your own research

(2) Cite research that has been conducted by others . S—
(3) Cite research listed on the EPA website

Whether you conduct the research yourseélf or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available, You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-Dichloropropene, Chloropicrin, Study: UNEP 1998, B-51, B-72

Pebulate
Section I. Initial Screening on Technical Fea3|b|I|ty of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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ID#

.

Worksheet: 3-A(2) Alternatlve chnlcal Feasnblllt fof» Alternatlvés to,_M\ethyl Bromlde f o

Sectlon II Emstmg Research"Stud|es on Alternatlves toiMethyI Bromlde

1. Is the study on. EPA' websnte? . o Yes .S N6 -

1a i not on the EPA websnte, plea__lvef attach a copy. *

2. Author(s) or researcher(s)

3. Publication and Date of Publication-

4; Location of research study

5. Name of alternative(s) in study. If more than one altérnative, list the ones you wish to discuss. -

1,3-‘D;”chlqropi(i’rin;" Pebulate -

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there -
other factors that would affect your adoption of this tool?

These studies do not indicate that these treatments are effective against P. capsici. In contrast, many studies
indicate that the alternatives of chloropicrin and 1,3-dichloropropene are not effectivé. Pebulate is used for

nematode and weed control and is not effective against P. capsici.

OMB Control # 2060-0482
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Worksheet 3-A(3) AYIternatlvesv Techmcal Feasnblllty of Alternatlves to Methyl Bromide

In. thlsworksheet you should address why an alternatlve pest management strate 6n the hst (see previous page) isoris |
not effective for your cond ons. Thi worksheet contams 9 questions. You must complete one copy of worksheet 3-A for
each research study yoi to evaluate a single’‘methyl bromide alternative : Use additional. page as need.

For worksheet 3-A you must comglete one worksheet for each alternative, for each research study addressed. |
number the worksheets as follows. For the same alternative, first research study, label the we ksheet 3-A(1)(a).

same alternative, second research study, label the worksheet 3-A(1)(b).- For.the first alternative, third research ¢
the worksheet 3-A(1){c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) For the second
alternative; second research study, label the worksheet 3{A)(2)(b).

When completing Section 1l if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each ef the reeearch studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the ihforma»tion requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments shouid be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at hittp://iwww.epa.goviozone/mbr or by calling 1-866-296-1996.

There are three major ways you can provide the Agency- w1th proof of your-investigative work.
(1) Conduct and submit your own research _

(2) Cite research that has been conducted by others o
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All resuits should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studigs to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feas_ible in Seattie). You should look at the fist of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: 1,3-D, Metam Sodium, Basamid Study: UNEP 1998, B-281

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acc_eptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restrlctlon for all users covered by this application, the
applicant should not complete Section Il.



~For EPA Use Only -
ID#

Worksheet 3-A(3) Alternatlves Techmcal Feaslb"_lty of {Alternatlves to Methyl Br' |

Sectlon II Exustmg Research Studies on Alternatlves to Methyl Bromlde

Yes X No

1. Is the study on EPA'S .
ta. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
1,3-D, Metam Sodium, Basamid .

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the resuits of the study apply to your situation. Would you expect similar resuits? Are there
other factors that would affect your adoption of this tool? :
The study in UNEP 1998 B-281 indicates that direct injection of metam sodium in bands to soil does not provide
consistent control due to non-uniform distribution in the soil. Also, problems with microorganisms that degrade the
chemical, thereby making it less effective, have been noted. Basamid is a product primarily used to manage

nematodes and weeds, and not for disease control.

OMB Control # 2060-0482
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ID#

Worksheet 3-A(4).. Alternatives - }Technlcai FeaS|b|||ty of Aiternatlves to Methyi Bromlde

' For worksheet 3-A you must complete one worksheet for each alterna tive, for each research study addressed. Please

number the worksheets as follows. For the sanie alternative, first research study, label the worksheet 3-A(1)(a). For the

. same alternative, second research study, label the worksheet 3-A(1)(b).: For. the first alternative;.third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{(A)(2)(a). For the
alternative, second research study, label the worksheet 3-{A)(2)(b).

When completing Sectioh Il, if you cite a study that is on the EPA website; you only need to complete questions

Summarize each of thve reseai'ch studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheetin a narrative'review of one of more relevant
research reports. The narrative review must reply to Section I and questions 1 through 8 in Section il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed. .

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
. alternative pest control regimens for various crops, which can be found at http /www-epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourseif or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You shouid look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Basamid Study: UNEP 1998, B-87, B-284, B-287 -

Section I AInitiaI Screening on Technical Feasibility of Alternatives

1. Are there any Iocation-specific restrictions that inhibit the use of this alternative onyour site? -
1a. Full use permitted : X
1b. Township caps '
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section |l
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1D#

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) :

3. Publication.and Date of Publication ..

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Basamid

6. Was crop yield measured in the study? Yes No

.7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply t6 your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Basamid is a product primiarily used to manage nematodes and weeds, and not for disease control.

OMB Control # 2060-0482
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Worksheet ,3 A( ). Al ernatlves Techmcal FeaSIblllty of Altematlves to Methyl Brom|de

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b).- For.the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When compléting Sectioii Il, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more
research reports. The narrative review must reply to Section I and questions 1 through 8 in Sectlon II. AResea
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for varioUs crops, WhICh can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you canprovide the Agency w1th proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite réSearch that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available..You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area. '

Use additional pages'as needed. * .

Alternative: Basamid, Soil Solarization Study: UNEP 1998, B-49

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il



For EPA Use Only
ID#

T

Worksheet 3-A(5) Alternat

Technlcal FeaSIblhty of Alternatlves to Methyl BrO

Sectlon II Ex1st|ng Research Stud.les?on Alternatlves to Methyl Bromlde

1. Is the study oh EPA's website? - g Yes X Ne
1a. if not on the EPA websnte, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Basamid, Soil Solarization

6. Was crop yield measured in the study? Yes . No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Basamid is a product primarily used to manage nematodes and weeds, and not for disease control, Solarization of

the soil to kill the overwintering épores is not feasible in a northern state where the growing season is hort (May to

September), and cold temperatures (<50 F) prevail through much of the year., Also, this management strategy has

not been proveén efféctive for Phytophthora capsici .

OMB Control # 2060-0482
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Worksh t‘3-A(6) AI ernat'ves - Technical Fea5|b|I|ty of Alternatlves to Methyl Bromlde

-~ i thls worksheet, you should address why an alte » _v.the_hst (see prewous page) isoris
not effective for yqur_conditlons This worksheet contains 9 questlons You must ¢ plete one copy of worksheet 3-A for
each research study you-use to evaluate & single methyl bromide ‘alterniative: ‘Use. addltional pages as: need _ .

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the amie alternative, first research study, label the worksheet 3-A(1)(a). “Forthe

same alternative, second research study, label the worksheet 3-A(1)(b); - For the first alternative, third. research study, label
the worksheet 3-A(1){c). For the second alternative, first research study, label the worksheet 3-(A)(2 a). For the second
alternative,-second research study, label the worksheet 3-(A)(2)(b). BT PR

When completing Section I, if you cite a study thatis on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of 6ne ‘or more relevant '
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) cou._ .. .._.-
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for varidus crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency W|th proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a varlety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and gquraphlc area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should ook at the list of alternatives provided by
the Agency and explain why they cannot be tsed for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Metam Sodium Study: UNEP 1998, B-52, B-83, B-87, B-281, B-287

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
~a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(5).,., Alternatlves - Technlcal Feasnblhty,'of Alternatlves to Methyl B_"

Sectlon II Ex1$t|ng-«Research' Studies on Alternatlves to Methyl Bromlde

1. Is the study ¢ on, EPA's website? " S Yes_ X . No
. 1a. If not on the EPA website; please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4, Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Metam Sodium

6. Was crop yield measured in the study? Yes No '

7. Describe the effectiveness of the alternative'i_n controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Metam sodium is not considered a good product against fungi, especially Phytophthora , but rather is used for weed
_ control and for nematode problems. Also, problems with microorganisms that degrade the chemical, thereby

making it less effective, have been noted.

OMB Control # 2060-0482
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in this: worksheet you should address. why an alternatlve pest manage 2ge) 1S of |s" =
not effective for your conditions. This worksheet conta_lns 9 questlons You must comglete one cog! rksheet 3-Afor |
each research stud : .

you use o evaluate a.singlé methyl bromide alternative - Use additional pages as need.

For worksheet 3-A you must complete one workshget for each alternatwe for each research study addressed. Please |
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A{1)(b). Forthe first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) For the second
alternative, second research study, label the worksheet 3{A)(2)(b). :

When completing Section II, if you cite a study that is on the EPA website, you ’only'“neéﬂd to complete questions 1, 5, and 8,

Summarize each of the research studies you cite in the Research Summéry Worksheet

if you prefer, you may provide the information requested in thrs worksheet in a narrative reviéw of ohe or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Sectron II A Research Summary
Worksheet of relevart treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pes"‘ﬁcnde‘ and non besticidal ~and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency wnth proof of your investigative work:
(1) Conduct and submit your own research
(2) Cite research that has been conducted by others R
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of

~ outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become’publicly avaifable. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for ceftain circumstances, some alternatives. are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area. '

Use additional pages as needed.

Alternatrve Metam Sodium Study: Alternatives for methyl bromide on cucurbits and
solanaceous crops, 2002. '

Section I. Initial Screemng on Technlcal Feasibility of Alternatives

1. Are there any Iocation-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(6)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

“Section Il Existing Research Studies on Alternatives to Methyl Bromide .

1. Is the study on EPA's website? & \CEEN No. - X -

" 1a. If not on the EPA website; please attach a copy.
2. Author(s) or researcher(s) M.K. Hausbecﬁi{
B.D. Cortrighﬁ

Cd

3. Publication and Date of Publication Research in progress

4. Location of research study . Michigan, USA

5. Name of alternative(s) in study. If more-than one alternative, list the ones you wish to-discuss.
Multigard FFA, Multigard Protect, Multigard Protect + Vapam HL, CX-100 :

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Fields have not been harvested yet. )

8. Disc¢uss how the resulits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(7) Aiternatlves Techmcal FeaSiblllty of Alternatives to Methyl Bromide

why an alternatlve est man m‘"nt strategy on the Ilst (see previous.page)isioris. -

ive for your cendltions rksheet contains 9 guiestions. Yo iust comglete ‘one copy of-worksheet 3-A for
each research study. you use:to evaluateé a single methyl ] bromiide alternative_ Use additionai pages as.ne ed :

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first reséarch study, label the worksheet3-A(1)(a). For the

same alternative, second research study, label the worksheet 3-A(1)(b) .For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the workshest 3-(A)(2)(a) For the second
alternative, second research study, label the worksheet 3-(A)(2)(b). y

When completing Section lI, if you cite a study that is on the EPA website, you oniy need to complete questions 1, 5, and 8.

Summarize each of the research studies you cité in the Research Sumimary Worksheet.

if you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list ¢
alternative pest control regimens for various crops, which can be found-athitp://iwww.epa.gov/ozone/mbr or by calling 1

There are three major ways you can provide the Agency with proof of your investigative work.,
(1) Conduct and submit your own research

(2) Cite research that has been condueted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies. should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc.” All esults' should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency ‘website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.

EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other .
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, foi-certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

- Alternative: Metam Sodium, Crop Rotation Study: UNEP 1998, B-39, B-74

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted . X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section il.
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2. Author(s) or researcher(s)

3. Publieafid'n"and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one aiternative, list the ones you wish to discuss.
Metam Sodium, Crop Rotation

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your s1tuat|on Would yoli expect similar restilts? Are there
other factors that would affect your adoptlon of this tooi7

The efficacy of crop rotation depends on the life cycle of the pathogen and its ability to. overwrnter and persust in

soils. Phytophthora capsici has an overwintering structure called an 6ospore that is capable of surviving for- Iong

periods of time, thereby negating the benefits of crop rotation. Metam sodium i§ not considered a good product

against fungi especially Phytophth'ora but rather is used for weed contro! and for nematode problems.. The

rotation suggested in this study prrmarny lists crops that are susceptible to P, capsici , including pepper cucumber,'
tomato and squash Using this suggested rotation would exacerbate the disease prob|em Therefore thns '

alternative would not be effective for Michigan growers

OMB Control # 2060-0482
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each research study you use to evaluate a smgle methyl 'Bromide alterrratlve Use' addrtlonal ‘pages’ as nee

For worksheet 3-A you must complete one workshéet for each dlternative, for each research study addressed Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For'the first alternativé, third résearch study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) For the second
alternative, second research study, label the worksheet 3-(A)(2)(b)

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you mte in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narratrve revrew of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll, A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed. '

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.} The Agency has developed a list of possible
alternative pestcontrol regimens for various crops, which can be found at http:/Awww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conduciea in a
scientifically sound manner. The studies should include a description of the experimental‘methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc: All results shoiiid be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of moré studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Methyl lodide Study: UNEP 2001, E-72

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site? '
1a. Full use permitted
1b. Township caps
1c. Alternative not acceptable in consuming country X
~ 1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? .. . . Yes_ . X No .
1a. If not on the EPA website, 'g'al_le.a‘_As_:e.ﬂattach a copy..

2. Author(s) or researchei(s)

3. Publication and Date of Publication

4. Location of résearch study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss..
Methyl lodide

6. Was crop 'yield measured in the study? Yes _ No

7. Describe the effectiveness of the alternative in controlling peég in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Methy! iodide is not registered in the U.S., and has not been proven to be efféctive against the soil-borne organism

Ph ytophthora .

OMB Control # 2060-0482
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Worksheet 3-A(9) Alternatlves Technlcal Feaslbmty of Alternatlves to Methyl Bromide

In. thls worksheet you should addr ent _rategy on the list (see previous'page)isoris
not effective for your condltnons This worksheet contains 9 questions. You must comglete one copy of worksheet 3-A for
each research study voli use to evaluate a single methyl broinide alternative. Use addltlonal pages as need

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the'same alternative, first research study, label the’ workshéet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A{1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a) 'For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Sumrmary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of 6ne or more relevant
research reports. The narrative review must reply to Section I and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area. ) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http:/www.epa. gov/oZone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency w1th proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experlmental methodology used, such as a
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, r
outcome. You must submit copies of each study to EPA uniess they are listed on the Agency ‘website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently w1 prugiess.
EPA will add studies to its website as they become pubiicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

. . Use additional pages as needed.

Alternative: Propargyl bromide Study: UNEP 2001, E-73

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site? -
1a. Full use permitted
1b. Township caps
1c. Alternative not acceptable in consuming country : X
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restnctron for all users covered by this application, the
‘applicant should not complete Section L.
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Worksheet 3-A(9) Alternatlves-- Techmcal Feasmlhty;of Alternatlves to Methyl Bromlde

Section Il EXIstmg'Research Studies on: Alternatlves to Methyl- Bvromlde

1. Is the stidy on EPA's website?  _, Yes_ X No__

1a. If not on the EPA website, pléase attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication-

4. Location of research study

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss,

Propargyl Bromide

6. Was érop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controliing pests in the study.

8. Discuss how the results of the study apply to your sutuatlon Wouild you expect similar results? Are there
other factors that would affect your adoption of this tool?

Propargy! bromide is not registered in the U.S., and has not been proven to be effecttve agaunst the soﬂ borne

organism Phytophthora .

OMB Control # 2060-0482
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Worksheet 3-A(10).. Altgrnatives}-__‘:,_':l'gchnical Feasibility of Alternatives to Methyl Bromide

T This Workeheet, you should address why an alternative pest management strategy on the list (see previolis page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must comp py of workshee -A for

each research study you use to evaluate’s single methyl bromide aiternative Use additional pages:as need::

se
number the worksheets as follows. For the same alternative, first research study, fabel the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b): For‘the"ﬁfst‘alternati_ve,'_thi_g;d_\j[g‘search study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheéet 34{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)2)(b). B F o

For worksheet 3-A you must complete one worksheet for each alternative; for each research stud _addressed.. P

When completing Section ll, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Reseéﬁ:h Summary Worksheet.

If you prefer, you may provide thé information requested in this worksheet in a narrative review of one or more relévant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatmerits should be provided for each study reviewed. : oo

BACKGROUND — _

EPA must consider whéther alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/iozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work. .
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others C—

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
“outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.
The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in proaress.

- EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website 2

_ websites for studies that pertain to your crop and geographic area. ‘ :

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and theret _. .
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needeéd.

Alternative: Biofumigation Study: UNEP 1995, UNEP 1998, A-71, B-41, B-83, B-87, B-91
: , B-92, B-94 .

Section |. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this aiternative on your site?
1a. Full use permitted v X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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}natlves; Tech : ca'l FeaSIblllty of AIt srnatives to_MethyI Bromlde L

Sectlon I| Exlstmg ResearchlStudles on Alternatlves to Methyl Bromlde

1. Is the study on EPA' vaebsnte? o “Yes i Xv 2 No s

1a.If not on the EPA Wwebsite, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and:Date of Publication .

4. Location of research study

5. Name of alternathle(s) in study. If more than oné alternative, list the ones you wish to discuss..

Biofumigation

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expecf similar results? Are there
other factors that would affect your adoption of this tool?

Biofumigation does not readily apply to Michi'gan's situation. The reasons for this include the lack of evidence that
_this treatment works for Phytophthora capsici under Michigan's cool climate. Phytophthora's oospore would not be
killed using biofumigation in Michigan's soils. Beneficial predatory nematodes »mportant for bnofumlgatlon have not

been identified or quanitified in Michigan's vegetable growing reglons

OMB Controf # 2060-0482
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Worksheet 3-A 10)(b) Alternatlves Techmcal Feasnblllty of Alternatlves to Methyl Bromide

‘In'this worksheet you should address why an ent strategy on the llst (see prevuous ‘page)isoris -

not effective for your conditions. This worksheet contains 9 queshons You st comglete one copy-of worksheet 3-A for
each research study you tise t6' évaliiate a single' méthyl broride alternative Use addrtlonal pages as need

For worksheet 3-A you must complete one worksheet for each alte rnatlvel for each research studx addressed. Please
number the worksheets as follows. For thie same alternative, first research study, label the worksheet 3:A(1)(a)." For the -

same alternative, second research study, label the worksheet 3-A(1)(b).. For the first alternative, re_search study, iabel
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A) )(a). For the second
alternative, second research study, label the worksheet 3-{(A)(2)(b). : :

When completing Section I, if you cite a study that is on the EPA website, you ohly need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the |nformat|on requested in this worksheet'in a narrativé review of-one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must éonsider whether alternative pest control measures (pesticide and non- spesticidal, and their combmatlon) could be used
successfully instead of methyl bromide by crop and circumstance (geographxc area.) The Agency has developed a list of passible
alternative pest control regimens for various crops, which can be found at http://www.epa. gov/oZone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a,
scientifically sound manner. The studies should include a description of the experimental methodology used, such as applvcatlon rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA uniess they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies o its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area. .

Use additional pages as needed.

Alternative: Biofumigation Study: Alternatives for methyl bromide on cucurbits and

solanaceous crops, 2002.

Section I. Initial Screenmg on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
~1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

if use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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ID#

1a. I not on the EPA webs:te please attach a copy

2. Author(s) or researcher(s)  M.K. Hausbeck
B.D. Cortright
3. Publication and Date of Publication .. Research in progress

4. Location of research study Micﬁigan, USA

5. Name of alternative(s) in study. If more than one altérnative, list the ones you wish to discuss.
Muttigard FFA, Multigard-Protect, Muitigard.Protect + Vapam.HL, CX-100.

6. Was crop yield measured in the study? Yes - No X

7. Describe the effectiveness of the alternative in controlling pests in the study

Fields have. not been harvested yet. =
-/

8. Discuss how the results of the study apply to your situation. Would you expect similar resuits? Are there
other factors that would affect your adoption of this tool? .

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482



For EPA Use Only
1D#

Worksheet 3-A(11) Alternatlves - Technical FeaSIb|I|ty of Alternatives to Methyl Bromlde

In th|s worksheet you should address y alternatlve pest management strategy on ‘the'list{(see previous page) is or.is:.
not effective for your conditions. This worksheét cofitains 9 questions: You must complete orie. copy of worksheet 3-A fo
each research study you use to evaluate.d single: meth‘ I“bromlde alternative. Use addltlonal pages as need

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For.the -
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet’ 3-(A)(2)(a) For the' second
alternative, second research study, Iabel the workshest 3{(A)(2)(b).

When completing Section lI, if you cite.a study that is on the EPA website, you onIy need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used.
successfully instead of methyl bromide by crop and circumstance {geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http: liwww .epa.gov/ozone/mbr or by calling 1-800-296- 1996.

There are three major ways you can provide the Agency with proof of your investigative work,
(1) Conduct and submit your own research

- —(2) Cite research that has been conducted by others
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a

scientifically sound manner. The studies shoulid include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarizatiori may not be feasible in Seattle). You should look at the list of alternative:
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Solarization Study: UNEP 1995, UNEP 1998, A-100, B-49, B-71, B-83, B-92,

B-94, B-281, A-77, B-74, B-86, B-87, B-286, B-287

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not compliete Section Il
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ID#

Worksheet 3-A(11) Altema ives - Techmcal FeaSIblllty‘“Of ‘Alternatlves to Methyl Bromldej.__} "

Section Il. Exlsting Research Studles on Alternatlves to Methyl Bromlde

1. Is the’ study on EPA's websne" . Yes X, No o

1a: ff nof on the EPA webslte, please atfach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publiication: -

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Solarization

6. Was crop yield measured in the study? " Yes No

7. Describe the effectiveness of the alternative in controliing pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
" other factors that woulid affect your adoption of this tool?

Solarization of the soil to kill the overwintering spores is not feasible in a northern state where the growing season

is short (May to September), and cold temperatures (<50 F) prevail through much of the year. Also, this

management strategy has not been proven effective for Phytophthora capsici . .-

OMB: Contro! # 2060-0482
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Worksheet 3-A(12). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A){(2)a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

if you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section I and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance {geographic area.) The Agency has developed a list of possible
-affernative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the reséarch yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All resuits should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Solarization, Fungicides Study: UNEP 1998, B-71

Section I.‘ Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il



For EPA Use Only
ID#

Worksheet 3-A(1 2) .

Alternatlves Technlcal Feasnbu.ty fAIte:;

1. Is the. study on EPA websnte? . o “Yes' X CNel
Ma. if not.vqﬁ'"fhe EPA web’sit'ef,:v’bleé"s’é attach a copy.

2. Author(s) or researcher(s) NI PR TxL S AR P T

3. Publication and Date of Publication

4. Location of research study

5. Name of alternafive(s) in study: If more than one alternative, list the ones you wish to discuss.

Solarization, Fungicides

6. Was crop yield measured in the study? Yes ' No

7. Describe the effectiveness of the alternative in contro.H;\g pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Solarization of the soil to kill the overwintering spores is not feasible in a northern state where the growing season

is short (May to September), and cold temperatures (<50 F) prevail through. much of the year. Also, this
management strategy has not been proven effective for Phyfophthora capsici. Resistance has developed to

registered fungicides.

OMB Control # 2060-0482
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Workshe‘ t 3-A(12)(b)v Alternatlves : Techmcal Feasrbrlrty of Alternatlves to Methyl Bromrde

ln this worksheet, you should address why an alte ) _ , _ us page) rs or is’ .
not effective for your conditions. This worksheet contains 9 questrons 'You must comglete oneé copy of worksheet 3-A for -
each research study vou useé toévaltiate a sm jlé:méthyl bromidé alternative ‘Use' additional. pages as need

the worksheet 3-A(1)(c). For the second aiternative, first research study, Iabel the worksheet 3-(A)(2)(a) For the second

alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Ii, if you-cite a study that is on the EPA website, yeu only need to complete questions 1, 5, and 8.

Summarize each of the rese‘arc‘h sfudies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet'in a narrative review of one or more relevant |
research reports. The narrative review must reply to Section | and questions 1 through 8 in Sectton ll. AResearch Summary
Worksheet of relevant treatments shouid be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a fist of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-19967]

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research

(2) Cite research that has been conducted by others -
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the stud:es be conducted in a
scientifically sound manner. The studies should include a déscription of the experimental methadology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of

- outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and gedgraphic drea.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Fungicides Study: The dynamics of mefenoxam insensitivity in a
. » recombining population of Phytophthora capsici
characterized with amplified fragment length
polymorphism markers.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
ta. Full use permitted X
1b. Township caps
1¢. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section il
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Worksheet 3-A(1 2)(b)~-- :Alternatlves | Techmcal Feasnblhty: of Altematlv_,,\ es to Methyl Brof lde )

Sectlon I. | EX|st|-ng Research Studles on Alternatlves to Methyl Bromide

1a If not on the EPA websrte please attach a copy

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication " Phytopathology 91:553-557, 2002

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Mefenoxam

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Insensitivity of Phytophthora capsici to mefenoxam, a commonly used funglmde is common in Michigan fields.

Insensitivity of the pathogen to this fungumde renders this treatment meffectwe o -

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The resuits of this study are directly applicable since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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ABSTRACT

Lamour, K. H.; and-Hausbeck, M. K. 2001, The dynamics of mefenoxam
insensitivity in a recombining population of Phytophthora capsici charac-
terized with amplified fragment length polymorphism markers. Phyto-
pathology 91:553-557.

Recent findings from Michigan suggest that recombination may play a
role in the survival and evolution of sensitivity to the fungicide mefen-
oxam in populations of Phytophthora capsici on cucurbit hosts. In
1998, 63 mefenoxam insensitive isolates were recovered from a squash
field in which mefenoxam hdd been -applied. Additional isolates were
recovered from untreated squash fields planted at this Jocation in 1999
(200 isolates) and the spring of 2000 (34 isolates). Isolates from 1998 and
1999 were characterized using fluorescent amplified fragment length
polymorphism (AFLP) markers and all isolates were screened for com-

pa'tibility} type and mefenq'kém sensitivity. In 1998 and 1999, 92 and
71.% of Fhe-isolates, respectively, had unique multilocus AFLP genotypes
with no identical isolates recovered between years. Seventy-two identical

_AFLP markers were clearly resolved in both the 1998 and 1999 sdmple

sets, and fixation indices for the 37 polymorphic AFLP loci indicate little
dlfferentiation between years. There was no decrease in the frequency of
resistant isolates during the 2 years without mefenoxam selection. We
conclude that oospores play a key role in overwintering: and that the
frequency of mefenoxam insensitivity may not decrease in an agricultur-
fdly significant time period (2 years) once mefenoxam selection pressure
18 removed.

Additional keywords: fungicide resistance, genetic diversity, population
genetics, -

Crown, root, and fruit rot caused by Phytophthora capsici is
increasing in Michigan cucurbit production fields, and uninfested
land suitable for rotation is becoming increasingly scarce, espe-
cially in areas undergoing rapid urban development. The phenyla-
mide fungicide (PAF) mefenoxam is a systemic fungicide that
appears to be acting at the level of DNA translation, and is fung-
istatic to fully sensitive isolates of P. capsici (2,13). Although
mefenoxam has been considered by some growers to be helpful,
mefenoxam insensitive isolates were reported on bell peppers in
North Carolina and New Jersey by Parra and Ristaino in 1998 (18)
and have since been recovered from 10 of 11 farms sampled in
Michigan (13), as well as, in Georgia (15) and southern Italy (19).
Mefenoxam insensitivity in Michigan P. capsici isolates is inher-
ited as a single gene exhibiting incomplete dominance (13), which
is consistent with the reports for a variety of other oomycetous
organisms (2). Investigations with P infestans indicate that
insensitivity may be conferred by genes at different chromosomal
positions (5), suggesting that the basis of insensitivity in different
populations may not be identical. Sexual recombination, in
_ particular, has the potential to impact management strategies that
employ PAFs because the fully insensitive. (two copies of the
insensitivity allele) phenotype may be directly generated. P. cap-
sici is heterothallic and the sexual stage is initiated when isolates
of opposite compatibility type, designated Al and A2, come into
close association to form thick-walled odspores (4),- The asexual
stage includes the production of caducous sporangia born on long
pedicels, which may release motile zoospores if free water is pre-
sent, Asexual spores are thought.to be responsible for the poly-

yclic nature of disease development (20)..

Corresponding author: K. H. Lamour; E-mail address: lamourku @msu.edu

Publication no. P-2001-0312:03R . . . .
© 2001 The American Phytopathological Society

PAF resistance in the genus Phytophthora and, in particular, the
F. infestans—potato pathosystem, is well documented (2,4,9). Until
recently, the population structure of P. infestans appeared to be
largely clonal outside of P, infestans putative center of origin (6).
Tl_lc recent detection of both P. infestans compatibility types along
}Nlth increased genotypic diversity in some potato growing regions
indicates that the sexual stage is likely active and may signifi-
cantly impact control strategies that have proved useful in the past
§3,8). When PAF resistance in European’P. infestans populations
Increased significantly in the early 1980s, the efficacy of the PAF
metalaxyl was only regained after the product was not made avail-
able to growers for a period of time (2). This strategy apparently
allowed the resistant populations to decline or become exfinct and
depends on ephemeral populations or, in the case of resident popu-
lations, upon a significant cost for resistance outside of selection
pressure. A recent study of sensitive versus PAF resistant P, nico-
tianae isolates from citrus suggests negligible fitness costs for
PAF resistance and reports that 2 years without PAF use did not
reduce the proportion of resistant isolates in groves (21). Kadish
and Cohen report that PAF-resistant P. infestans isolates in Israel
were more aggressive in colonizing tuber tissue than sensitive
isolates (12). ‘

Novel techniques have been developed recently that allow char-
acterization of DNA-level polymorphism in organisms for which

little is known about the genome. An example is the amplified

fragment length polymorphism (AFLP) technique introduced by
Vos et al. "i[i 1995 (23). This technique relies on restriction enzyme
fragmeritation of genomi¢ DNA with the concomitant ligation of
synthetic. adaptors to the DNA' fragment ends. Stringent poly-
merase chain reaction (PCR) amplification using adaptor-cormple-
mentary primers with additional selective nucleotides allow for
the amplification of fragment subsets. DNA fragment subsets. are
termed fingerprints and. may be resolved with a range of tech-
niques (1). AFLP markers have been used on a variety of organ-



isms (14, 22) and the procedure generates a large
- ducible markers (1,22). The limitation that th
generally scored as dominant markers {e.g., either present or
absent) for diploid organisms requires the use of relatively large
sample sets (11,25).

Our null hypotheses are that séxual recombination has a signifi- -
cant impact on the population structure of F. capsici in Michigan
and that mefefioxam insensitivity inay ‘ot decrédse in the time -

frame of a typical 2-year rotation outsxde of mefenoxam sclectlon
pressure. :

MATERIALS AND METHODS

Field plot. Research was conducted on a commercial farm in
southwest Michigan, with a history (>11 years) of P. capsici on
bell peppers and squash and intensive use of PAF. The 4.05-ha
field sampled had previously been cropped to soybeans and corn

with no known record of P. capsici susceptible crops (e.g., toma-

toes, peppers, or cucurbits) prior to 1997. During 1997 and 1998,
yellow squash and zucchini grown in this field became diseased
with Phytophthora crown, root, and fruit rot.and the grower ap-
plied mefenoxam as part of a disease management strategy
(Novartis; Greensboro, NC). In 1998, all isolates recovered were
either intermediately or fully insensitive to mefenoxam. Both Al

"TABLE 1. Fixation indices (Fgy) for 37 amplified fragment length poly-
morphism loci from unique Phytophthora capsici isolates collected from a
single Michigan cucurbit field during 1998 (N = 57) and 1999 (N = 141) -

Fragment® 1998 f(aa)® 1999 f(aa) Fsr
45 0.02 0.06 0.018
54 0.29 T 029 0.000
64 0.82 0.55 0.048
104 0.11 0.06 0.007
106 0.11 0.04 0.025
110 0.41 T 036 0.002
130 0.41 . 0.30 0.009
146 0.47 ‘ 0.24 0.038
149 0.12 0.27 0.029
154 0.39 ’ 0.31 0.004
156 0.53 0.83 0.054
172 0.56 0.33 0.034
189 0.16 0.56 0.121
192 0.16 0.37 0.044
193 . 035 -0.20 0.022
211 © 047 “0:15 0.088
241 0.48 0.32 0.018
256 .0.04 0.01 0.022
258 0.43. 0.49 0.002
261 0.55 * 054 0.000
270 057 0.41 0.015
282 035 0.40 0.002
285 0.51 073 0.030
314 0.51 0.34 0.019
320 0.41 0.51 0.006
333 0.16 0.20 0.002
346 - , 0.36 0.33 0.001
361 0.33 0.49 0.017
383 0.21 0.15 0.005
418 . 0.40 0.34 0.002
431 0.34 0.32 0,001
438 0.67 0.45 0.028
454 : 0.65 0.49 0.015
492 0.29 0.40 0.009
504 0.51 0.47 0.001
511, 0.38.. 0.28 0.007
5483 0.78 0.78 0.000

2 EcaRI AC/Msel CA selectlve]y amphﬁed fragment size in base pairs.

b Observed frequency of the absent state-where * represents the absence of
a fragment.

¢ Fgr calculated from estxmated allele frequencxes Accordmg to Wright’s
qualitative guidelines, values from 0 to 0.05 indicate little” genetic dif-
ferentiation and values from 0.05 to 0.15 indicate moderate genetic differ-
entiation.

‘ered from single diseased plants

npatibility types were present, and oospores were de-

' tccted in diseased fruit. In 1999 and 2000, yellow squash was

esta_blxshed in a 1,124-m? experimental plot in this field, and me-
fenoxam was not applied. Diseased plants and fruit were sampled
on:20 August 1998 (63 isolates, from entire field), June through
August 1999 +(200 ‘isolates from experimental plot), and 13 July
2000 (34 isolates from experime! plot) All 1solates WETE Iecov-

Isolate -collectioni and. mamtenance Isolation from diseased
plant material was made onto’ BARP (25 ppm of benomyl,
100 ppm of ampicillin, 30 ppm of rifampicin, and 100 ppm of
pentachloronitrobenzene)-amended UCV8 (840 ml of distilled
water, 163 m] of unclarified V8 juice, 3 g of CaCOs, and 16 g of
Bacto agar) plates, Procedures for obtaining single zoospore
isolates were as prev1ously described (13). Single zoospore
cultures were maintained on 30 ppm of rifampicin and 100 ppm of
ampicillin (RA)-UCV8 plates and transferred bimonthly. Long-
term storage consisted of a single 7-mm plug of expanding
mycelium from each single zoospore culture being placed in a
1.5-ml microfuge tube with one sterilized hemp seed and 1 mi of
sterile-distilled ‘water, inc¢ubated for 2 to 3 weeks at 23 to 25°C,
and $tored at 15°C long term.

Phenotypic characterization. Isolates were screened for com-
patibility type as previously described (13). Mefenoxam sensitiv-
ity was characterizeéd according to the in vitro screening tcchmquc

described by Lamour and Hausbeck (LH technique) for P. capsici

isolates in Michigan (13). Isolates were scored as sensitive (S) if
growth on UC-V8 agar amended with 100 ppm of mefenoxam
was less than 30% compared with a control, as intermediately
sensitive (IS) if between 30 and 90%, and fully insensitive (I) if
gredter ‘than 90% compared with the unamended control. These
mefenoXam sénsitivity categories are based on a trimodal dis-
tribution of 523 field isolates of P. capsici. Clear modal dis-
tributions were only attained when screening was conducted with
a single high rate of mefenoxam-amended (100 ppm) media (K.
Lamour, unpublished data). These putative mefenoxam sensitivity
categories were tésted by in vitro crosses (I x S, IS x IS, IS x S,
and S x S), and chi-square analysis confirmed that the ob-
served progeny numbérs were not significantly different than
expeécted for Mendélian inheritance of an incompletely dominant
trait (13). -

The LH technique differs from a commonly used method
described by Goodwin, Sujkowski, and Fry (GSF technique) (9)
for P. infestans which ases two levels of amended media (5 and
100 ppm) to differentiate the three mefenoxam sensitivity pheno-
types and which has been used to characterize P. capsici isolates
(15,18,19). Unfortunatc]y, analysis of our in vitro crosses and field
isolates by the GSF technique did not resolve a clear modal distri-
bution (K. Lamouir, inpublished data). Assignment of Michigan £
capsici isolates to the S category was the same whether using the
LH or GSF technique. The only difference was that some P.
capszcz isolates from Mlchlgan rated as fully insénsitive by thé
GSF techmque were rated as mtermcdlately sensitive by the LH
techmque

DNA extraction and AFLP fingérprinting. A technique for
avoiding bacterial contamination prior to growing isolates for
DNA extraction was 1mplementcd using a modified Van Tei gham
cell (4). The uppermost portion of a 7-mm plug of mycehum was
placed onto the surface of RA-WA plates (30 ppm of nfampxcm,
100 ppm of amp1c111m 1,000 ml of distilled water, and 16 g of
Bacto agar) and an autdclaved cap from a 1.5-ml rrucrofuge tube
was placed over the plug which forced the’ 1solatc to grow through
the amended media. Isolates wére incubated in the dark for 2 t
3 days before two 7-mm plugs were transferred to approximately
15 ml of RA<UCVS broth in petri dishes (100 x 15 mm) and-incu-
bated in the dark for 3 days at 23 to 25°C. Mycelial mats were
washed with distilled water and dried briefly under vacuum before
being frozen to —20°C and lyophilized. =~



Lyophilized mats were ground with a sterile mortar and pestle.
Whole genomic DNA from approximately 50 mg of ground myce-
lium was extracted with a plant mini kit (Dneasy; Qiagen Inc.,
Valencia, CA) according to the manufacturers directions. DNA
was quantified (Nucleic Acid QuickSticks; Clontech, Palo Alto,
CA) according to the manufacturers directions and approximately
100 ng of DNA was subjected to a restriction/ligation reaction,
preselective - amplification, and selective amplifications using the
PCR core mix, adaptor sequences, core primer sequences, and
fluorescent-labeled primers available in an AFLP microbial
fingerprinting kit (Perkin-Elmer Applied Biosystems, Foster City,
CA, henceforth referred to as PE/ABI) and performed exactly as
described in protocol part 402977 Rev A (23). All PCR reactions
were performed with a minicycler (MJ Research Inc., Waltham,
MA) in 0.2-ml tubes according to the cycling parameters outlined
in the microbial fingerprinting protocol.

An initial optimization set of reactions was performed with pre-
selective products from P capsici isolate OP97, which was iso-
lated from a cucumber fruit in 1997 (13). Selective amplifications
with the selective primers EcoRI-AA, -AC, -AG, and -AT were
performed in all 16 combinations with the Msel-CA, -CC, -CG,
and -CT selective primers. EcoRI selective primers, available
from PE/ABI, were labeled at the 5" end with either carboxy-
fluorescein_(FAM), carboxytetramethyrhodamine (TAMRA), or
carboxy-4’,5'-dichloro-2’,7’-dimethoxyfluorescein (JOE) fluores-
cent dyes. The fluorescent dyes are excited by laser radiation and
visualized by their characteristic absorption-emission frequencies.
Only the fragments containing an EcoRI restriction site are
resolved.

Products from three reactions labeled with different colored
dyes and a carboxy-X-rhodamine (ROX) size standard were
loaded into each lane on a denaturing polyacrylamide gel and the
fragments resolved in a DNA sequencer (ABI Prism 377). Results
were prepared for analysis in the form of electropherograms using
GeneScan Analysis software (PE/ABI). AFLP fragments were
scored manually as present (1) or absent (0} using Genotyper

(PE/ABI). Only DNA bands that consistently exhibited unambigu-

ous presence or absence profiles were scored.

" A single isolate, OP97, was subjected to the aforementioned -

protocol using three primer pair combinations that were chosen as
optimal on three separate occasions, approximately 3 months apart,
to test for reproducibility of AFLP profiles.

Clone detection and cluster analysis. AFLP fragments were
considered polymorphic if the most common allele was present in
less than 95% of the isolates from a given sample set and scored
for presence (1) or absence (0) (10). AFLP fragments present in
more than 95% of the isolates from a given sample set were
considered monomorphic. Analysis of the resulting binary data
matrix was performed using NTSYS-pc version 2.02k (Exeter
Software, Setauket, NY). Unweighted pair group method with
arithmetic averages cluster analysis was performed on the matrix
of similarity coefficients calculated from all possible pairwise
comparisons of individuals within and among the 1998 and 1999
populations and a tree generated. Isolates showing complete
homology at all loci were considered to be clones and except for
a single representative isolate were excluded from frequency
calculations. . '

Allele frequency and fixation indices. Allele frequencies for
AFLP markers were estimated . utilizing the expected relationship
between gene and genotype frequencies in a randomly mating
population (i.e., Hardy-Weinberg proportions). The frequency of
the recessive (absent) allele (g) was calculated from the observed
number of recessive homozygote individuals (X) in a sample of n
individuals. by the formula for dominant markers described by
Jorde et al. (11):

1-x
4n

é.: X +-

where x = X/n is the observed proportion of individuals that do not
display the dominant (present) markeér phenotype. In order to test
whether the composite genetic profiles from 1998 and 1999 were
consistent with a single randomly mating population, the fixation
index was calculated for each AFLP loci from the variance in
allele frequencies according to the following formula: Fgr = [(p—
P2)/4)/(average p x average g), where p is the allele frequency for
the present state with p, and p, indicating the two sample popula-
tions, and g is the allele frequency for the absent state (10). Fixa-
tion indices for individual loci were interpreted according to the
qualitative guidelines suggested by Wright (24), where the range
0 to 0.05 indicates little genetic differentiation, range 0.05 to 0.15
indicates moderate genetic differentiation, and greater than 0.25
indicates great genetic differentiation (10).

RESULTS

AFLP band characterization. Evaluvation of the 16 EcoRI +
2-Msel + 2 selective primer pair combinations indicated that
EcoRI + AC-Msel + CA gave the most clearly resolved fragment
profile and was used to amplify genomic DNA from all isolates in
both the 1998 and 1999 sample sets. This primer combination
resulted in 72 clearly resolved fragments of which 37 (51%) frag-
ments were polymorphic in both 1998 and 1999 (Table 1). All
72 fragments were present in both 1998 and 1999 and no novel
fragments were detected between years. The following 35 fragments
(size in base pairs) were monomorphic in both the 1998 and 1999
sample sets: 41, 43, 47, 49, 58, 66, 70, 82, 85, 114, 118, 123, 133,
135, 140, 159, 174, 235, 247, 249, 272, 278, 295, 298, 300, 341,
351, 355, 367, 402, 474, 488, 502, 519, and 527. AFLP profiles
for isolate OP97, generated from separate DNA extractions on
three separate occasions over a 1-year period, resulted in identical
banding patterns with the only difference being minor changes in
the intensity of the electropherogram signal. Occasionally individ-
ual reactions resulted in poorly resolved fingerprint profiles (e.g.,
low intensity of signal) and were repeated until signals were
deemed optimal.

Phenotypic, genotypic, and’ gene diversity. No isolates sensi-
tive to mefenoxam were recovered in 1998 or 2000, and single Al
sensitive and A2 sensitive isolates were recovered in 1999 (Table
2). In 1998, 18% of the isolates were intermediately sensitive and
82% were insensitive, in 1999, 2% were sensitive, 28% were
intermediately sensitive and 70% were insensitive, and in 2000,
15% of the isolates were intermediately sensitive and 85% were
insensitive to mefenoxam (Table 2),

In 1998, 57 of the 63 isolates recovered, and 141 of the 200 iso-
lates recovered in 1999 were unique based on multilocus AFLP

" profiles. No identical multilocus genotypes were recovered be-

tween 1998 and 1999. Five isolates (two A2/I, two A2/IS, and

TABLE 2. Phenotypic diversity of Phyiophthora capsici isolates recovered
from the same cucurbit field in 1998, 1999, and 2000

No. of Compatibility type and mefenoxam sensitivity®
Year® isolates® Al/S AV/IS Al/l A2/8  A2IS A2/1

1998 57 - 4 31 - 6 16
1999 141 1(2) 170y 57(53) 1(1) 23(18) 42(47)
2000 34 - 2 8 - 3 21

* Mefenoxam was applied in 1998 but not in 1999 or 2000.

b Sample sets from 1998 and 1999 consist of unique multilocus genotypes as
determined with amplified fragment length polymorphism fingerprinting.
The 2000 sample set was recovered at the beginning of the growing season
and was not fingerprinted.

¢S = sensitive, 1S = intermediately sensitive, and I = insensitive as
determined by in vitro screening on 100 ppm of mefenoxam-amended agar.
Numbers in parentheses indicate the expected number of isolates when
mefenoxam inseasitivity is assumed to be controlled by a single incom-
pletely dominant gene in Hardy-Weinberg equilibrium unlinked to com-
patibility type.
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one Al/I) of P capsxcz collected in 1998° ‘one clondl
'solates col cted in 199 had bet een

43% of the. late samplmg' intérvals (Table 3). The 1999 sampling
s (early, mid, and late) afe based on the daté§ of samplmg
and are ot mtended to reflect stages of plant growth or the
eprde gy’ of P capsici. Cluster analysxs ‘of AFLP ﬁngerprmt
variation_indicated no srgmﬁcant clustermg of xsolates between
1998 anid 1999.

‘The maj'nty (98%) of the 37 polymorphlc AFLP fragments
showed little ‘genetic drfferentranon (Fs'r < 005) between 1998
and 1999 according to Wrights qualitative criterion (Table 1) (24).

DISCUSSION

P. capsici causes significant damage to cucurbit hosts in Michi-
gan each year. In an effort to prevent or control ‘epidemics, many
growers have used either metalaxyl or the newer, but similarly
acting compound mefenoxam as a part of their diSease’ manage-
ment strategy This: study was initiated in ‘ani effort to address the
concerns of growers who have high levéls of mefenoxam in-
sensitivity.

Phenotypic data (mefenoxam sensmvrty and compaublhty type)
from 4 1998 suivey suggested that insensitivity to mefenoxam was
common and that some level of recombmatlon is occurring in the
field (13), but without the appllcatlon of additional polymorphic
markers our ability to assess population stru¢ture was severely
restrrcted AFLP analysis proved to be a powerful tool for resolv-
ing the population dynamics of P capsici. A smgle selective
primér combination, EcoRI-AC—MseI-CA generated 72 bands of
which 37 were polymorphrc in our 1998 and 1999 samiple sets.
AFLP ﬁngerpnntmg, in conjunction with temporal samplmg, pro-
vided a useful charactérization of P. capsici from one season to
the next and allowed us to track asexual disease development over
thie course of a single season.

Our data suggests that sexual recombination significantly im-
pacts the structure of this P. capsici population. The finding that
198 of the 262 isolates recovered between 1998 and 1999 had
unique multilocus AFLP genotypes is consistent with the high
level of genotypic diversity expected in an outcrossing population

TABLE 3. Clone contribution of 15 Phytophthora capsici isolates to the total
number of isolates collected in 1999 (N 200)

No. of clones in early, mid, and late season®

No. of 6/22 -1/16 7/20 - 8/3 8/5-8/18

Isolate  clones® CT/MSP N=60 N =80 N=60
JP5T71 2 AUl 2 - -
JP583 2 Al/l 2 - -
JP944 3 AlN 2 1 -
JP999 3 Aln 2 1 -
JP1007 2 Al 1 1 -
JP1042 2 A1 1 1 -
JP1096 2 AN - i 1
JP1102 2 A2/1 - 2 -
JP1215 3 A2/1 3 - -
JP1342 2 A2/1S - 2 -
JP1369 2 Alnl 1 1 -
JP13384 4 A1 3 i -
JP1512 2 Al 1 - 1
JP1555 3 AUl - - 3
JP1632 40 AUl 2 12 - .. 26

2 Toml number of nsolates with identical mulnlocus amphﬁed fragment length

polymorphxsm proﬁles

*CT= companbxhty type and MS mefenoxam sensmvrty where S= sen-
sifive, 1S = mtermedrately sensitive, and I = insensitive 4§ deterrmned by in
vitro screening on 100 ppm-of meferioxam-amended agar.

¢ Sample intervals based on sampling dates only.

(matic chénges due
and 2000, SeﬂSiti

tion in 1999 were fully msensmve may be another 1nd1cat10n that
mefenoxam insensitivity does not have 51gn1ﬁcant costs outside of
mefenoxam selection pressus If we assume that there is otly a
single mefenoxam insensitivity gene in this populatlon unlinked to
compatrbrllty type designated 1, and that this populanon is effec-
tively free from the effects of migration and genetlc drift, some
interesting spccu]atrons can be made. For instancg, in 1999, if the
mefenoxam sensitivity phenotypes are assurmned to represcnt geno-
types (e.g., 2 fully insensitive isolate has two copies of the 1 allele)
then the frequency of I can be estimated and the observed number
of unique isolates that fall mto each of the ix mefenoxam

ympatibility typ <omparéd with the
expectatlons under Hardy-Wemberg equrhbnum In 1999, the
estimated frequency of I was 0.84, and chi-square analysrs, usmg
the data in Table 2, indicates that the observed numbers do not
differ from those expected under Hardy-Weinberg equrlrbrla at
P =050 (x = 3.09, df = 4). Although this is not a particularly
powerful test die to the large number of assumiptions (10), it does
lend support to the hypothesis that this population meets. the
criterion for panmixia.

Our results do not allow- us to reject the null hypothesrs that
séxual recombination srgmﬁcantly impacts the structure of this
population. It appears that sexual réecombination plays a' sig-
nificant role in maintaining genotypic and gene diversity while
concomitantly producing’ overwmtenng inoculum. Our data also
suggest that sexual recombination may servé as a potent force
for integrating a beneficial allele based on the finding that there
were a total of 133 unique multilocus genotypes fully insensitive
to mefenoxam between 1998 and 1999. An interesting questlon
that can only be answered by following a fully sensitive popu-
lation as it shifts to msensrt1v1ty is how much genetic diversity
is lost, if any, during the PAF selection process” The question
of how long mefenoxam resistance will remain in a population
of P capsrcr when selection pressure is removed can only be
answered in a tentative way. It appears that in this popula-
tion, insensitivity will not decrease within the time frame of a
typical 2-year rotation and, once resistance to mefenoxam is
established, the futuré usefulniess of this fungicidé may be ex-
tremely liited.

COmpanson of the populatlon structure reported at this single
locat;on is currently being compared with other locatrons in

population structure.
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Root, crown, and fruit rot. caused by Phytophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in the genus Phytophthora, F. capsici has the
potential for rapid polycyclic disease development from a limited
amount of initial inoculum (6). P. capsici produces caducous
sporangia that can be spread by wind-blown rain or reiease 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by
asexual spore dispersal at a local scale (within and down rows).
Sexual reproduction requires both the Al and A2 compatibility
types (CTs) and results in the production of thick-walled 0OSpOres.
Oospores “are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for a number of other oomycetous organ-
isms (Bremia lactucae, P. infestans, and P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici. Michigan is the
number one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of P. capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprehensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major

vegetable production regions of Michigan, with the implicit inten-

tion of addressing questions conceming epidemiology, repro-
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ductive biology, and thé durability of currently recommended
management strategies.

METHODOLOGY

Isolate collection and maintenance. Sampling of diseased
fields began at the end of: the 1997.growing season and continued
through September 2000. In all cases, fields were sampled on a
grid with quadrants varying from 40 m? to 12 km? A limited
number of isolates were collected in-1997: In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields. Isolations from diseéased pldnts were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique.

Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. In. vitro
screening techniques published for other Phyrophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with the expectations of a
single incompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitivity (MS) groupings were
tested by performing a series, of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi-
tivity to mefenoxam. -Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Myecelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetyltrimethylammonium bromide (CTAB) procedure. A variety



of methods for generating molecular markers were tested for
"efficacy including isozyme, random amplified polymorphic DNA,
and amplified fragment length polymorphism (AFLP). The AFLP
technique resulted. in a large number of reproducible markers and
was chosen to characterize samples of P. capsici from Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) restriction
enzymes, while concomitantly ligating synthetic adaptor frag-
ments of DNA to the sticky ends created by the restriction
enzymes (7). The result is a large number of DNA fragments that
have ends with known DNA sequences. Amplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling parameters (touchdown
technique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
electropherogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA was extracted from a single isolate
on three separate occasions approximately 3 months apart and
subjected to the aforementioned protocol. =

Data analysis. Isolates with identical multilocus AFLP finger-
prints were considered to bée members of the same clonal lineage
and only a single representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or
absence (0), allele frequencies were estimated based on the
assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single field during a single year.

Genetic diversity within single populations was assessed by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence level
were generated by bootstrapping at 1,000 iterations. The program
NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA).

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
five different farms (four Al and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of
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mefenoxam-amended media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (S x S, I x S, IS x S, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Oospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six possible MS x CT combinations
were detected in this naturally occurring oospore progeny set (3).
In planta studies using sensitive, intermediately sensitive, and
fully insensitive P, capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no
difference in the ability to colonize host tissue between treated

- and untreated plants at three_times the field rate. All the progeny

isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and 82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998. Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. Two hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% wére sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam
use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved a total of 94
clearly discernable markers whén considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 to 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clonal reproduction was
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices ({s7) between the
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caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural and chemical control strategies, have not pro-
vided economic control. Correspondence with other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P. capsici is being reported throughout the United States.

Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT.
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in P cap-
sici-infected cucurbit fruit from multiple locations, and cospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. These findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal.

Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
populations of P. capsici analyzed. Tracking a single population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that oospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site-over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. This implies that populations are large enough to
withstand dramatic effects of genetic drift. Cluster analysis reveal-
ed unambiguous groups corresponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.

Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.

From an evolutionary perspective, it is clear that . capsici has
successfully colonized a number of geographical locations in
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Michigan and that each of the populations sampled thus far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation indices
between even geographically close populations (1 km), and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the P. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
lution of mefenoxam insensitivity. The combination of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P. capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P. capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P. capsici-infested fields.
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In thls worksheet you should ad ress h'

not effective for your conditlons Thls, _orksheet cont' ns 9 questlons You must comglete-one cogy of worksheet‘3-A fo
: le.y romi i ) al_b', dj L

number the worksheets as follows. - For the same alternatlve, first research study, label the worksheet 3:A(1 )(a) For the
same alternatlve, second research study, label the worksheet 3-A(1)(b)." For the first alternative, thlrd research study, label
the'worksheet 3-A(1)(c) For the second alternative, first research stuidy, label the worksheet 3{A)(2)(a).. For the second
alternatlve, second research study, Iabel the worksheet 3-(A)(2)(b) e

When completmg Sectlon II |f you crte a study that is on the EPA webslte you only need to complete questions 1, 5 and 8.

Summanze each of the research studues you crte in the Rese.— rch Summary Worksheet

If you prefer, you may provrde the mformatron requested in this worksheet in a narrative reV|ew of one or more relevant’
research reports. The narrative review must reply to Séction | and ques vlons 1 through 8 in Section Il. A'Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND. _ )

EPA‘must-consider whether alternatlve pest control measures (pesticide and non-pesticidal, and their combmatxon) could be used
successfully instead of methyl bromide-by crop and circumstanice (geographic area:) The Agency has developed a list of possible
alternative peést control regimens for various crops, whuch can be found at http:/fwww.epa.gov/ozone/mbr or-by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your mvestugatlve work.
(1) Conduct and submit your own research

(2) Cite research that has been condiicted by others

(3) Cite research listed on the EPA website

Whether you conduct the résearch yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the expenmental methodology used, such as application rates,
application intervais, pest pressure weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must subinit copies of each study to EPAunless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies fo its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted. (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Fungicides _ Study: Evaluation of selected fungicides for control of

Phytophthora blight of pepper, 2000.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1¢. Alternative not acceptable in consuming country
1d. Other (Please describe)

if use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not compiete Section il
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Worksheet 3-A(12)(d). Alternatives - Technical Feasibility of Altérnatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA’s website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) M. Babadoost
J.D. Kindhart
3. Publication and Date of Publication Fungicide and Nematicide Tests 56:V31, 2001

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Ridomil Gold/Copper
Acrobat MZ
Actigard

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
None of the fungicides tested adequately controlled Phytophthora capsici throughout the growing season.

s/

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Michigan growers would expect similar results, because the disease pressure, crop production system, and

weather conditions are comparable to that observed in lllinois.

OMB Control # 2060-0482



PEPPER, BELL (Capsicum annum ‘Arthur King’) M. Babadoost' and J. D. Kindhart*
Phytophthora blight; Phytophthora capsici 'Department of Crop Sciences
University of Illinois
Urbana, IL 61801
*Department of NRES
University of Illinois
Simpson, IL 62985

EVALUATION OF SELECTED FUNGICIDES FOR CONTROL OF PHYTOPHTHORA BLIGHT OF PEPPER,
2000: The objective of this experiment was to determine if Phytophthora blight of pepper, caused by Phytophthora
capsici, could be controlled by application of fungicides. Field experiments were conducted in a commercial field near
Shawneetown and at the Dixon Springs Agricultural Center, Simpson, IL.. The commercial field was naturally infested
with P. capsici in 1999, but the experimental site at Dixon Springs was only suspected to be infested with P. capsici.
Five-week-old seedlings were transplanted on 30 May into raised beds with drip irrigation. Plotsconsisted of 10 plants
in two staggered rows with plants spaced 12 in. apart within and between rows. The plots were spaced 36 in. apartina
completely randomized block design with three replications. Weeds were controlled by hand weeding. A liquid
fertilizer of N-P-K (4-0-8) was injected into irrigation system once per week. Plants received daily drip irrigation.
Acrobat MZ, Actigard, and USF 2001 were foliar sprayed; Ridomil Gold/Copper was applied as soil-drench and foliar-
spray; and Ridomil Gold EC was applied as soil-drench. Actigard was applied onto the seedlings 7 and 1 day prior to
transplanting and at 10-day intervals thereafter. All other chemicals were applied as indicated on the table. All of the
chemicals were applied with a backpack sprayer, using 30 gal of water per acre. Average monthly high and low
temperatures (F) were 86/65, 94/55, and 89/69 in Jun, Jul, and Aug, respectively. Disease incidence was determined as
percent wilted and dead plants on 28 Jun, 6 Jul, 26 Jul, and 5 Aug.

No Phytophthora infection was detected in the trial at Dixon Spring Agricultural Center. Plants in the field near
Shawneetown became severely infected. None of the chemicals used provided complete protection for the plants
against P. capsici. However, Acrobat MZ and Actigard appeared to have promising potential for reducing the
incidence of Phytophthora blight of pepper in the field. In spite of the highly conducive environmental conditions for
Phytophthora blight and high disease pressure, more than 50% of plants treated with Acrobat MZ and Actlgard
survived through the season.

Phytophthora disease incidence (%)'

Treatment and rate/A (application) 28 Jun 6Jul 16Jul 26Jul 5Aug
10735111 4o ) KU 6.7 233 733 733, 833
Acrobat MZ (F)® 2.25 15 (2-5) «.eoivvvieeeeiee e ee e 0.0 6.7 30,0 400 433
Acrobat MZ (F)+Ridomil Gold/Copper (F) 2.25 1b+2.5 Ib (2-5+2-5) ..... 10.0 10.0 36.7 433 533
Acrobat MZ (F)+Ridomil Gold/EC (S) 2.25 Ib+1.0 pt (2-542,3) .......... 100 233 36.7 400 433
Actigard SOWG (F) 1.0 02. (0-5) +.oveniniiii e, 33 133 30.0 333 467
Actigard 50WG (F)+Ridomil Gold/Copper (F) 1.0 0z.+2.5 Ib (2-5+2-5).. 0.0 30,0 467 600 600
Actigard 50WG (F)+Ridomil Gold/EC (S) 1 0z.+1.0 pt (2-5+2,3) ......... 0.0 13.3 433 46,7 46.7
Ridomil Gold/Copper (F) 2.51b (2-5) tevviviriiiiiirnciree e, 13.3 - 40.0 500 767 100
Ridomil Gold/Copper (F+S) 2.51b (2-5+2,3) tiviieviiiiiiiieiieee 6.7 233 50.0 567 700
Ridomil GOId/EC (S) 1.0 pt (1-3) woririreiriiiiii e 33 267 567 70.0 86.7
USF-2001 520SC (F) 6.0 fl. 0z. (2-5) ......... e 33 30,0 533 700 833

USF-2001 520SC(F)+Ridomil Gold/Copper (F) 6 fl. oz. +2.5 1b (2-5+2-5).. 0.0 200 433 533 733
USF-2001 520SC(F)+Ridomil Gold/EC (8) 6.0 fl. 0z.+1.0 pt (2-5+2,3)....0.0 267 60.0 633 767

LSD (P<0.05) ‘ 123 297 476 502 452

! Percent plant infected with Phytophthora. Each value represents the mean of 3 replications.
2Application time: 0=24 May, 1=30 May, 2=28 Jun, 3=6 Jul, 4=16 Jul, 5=28 Jul.
3 F=foliar application; S=soil application.

F&N Tests 56:V31



For EPA Use Only
ID#

Worksheet 3-A(13). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{(A)}2)a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section li, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed. :

“BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPAunless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Steam Study: UNEP 1998, B-83, B-86, B-90, B-282

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps )
1¢. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(13). Alternatives -ll_TechnicaI Feasibility of Alternatives to Methyl Bromide

Section ll. Existing Research Sﬁldies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. if not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Steam

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the resuits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

In the studies referenced, steaming has been used in protected production systems, such as greenhouses. The

use of steam has not proven economical and practical when large, unprotected areas are treated. In Michigan

systems, Phytophthora capsici has an airborne spore that would render the use of steam ineffective.

QOMB Control # 2060-0482
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Worksheet 3-A(14). Alternatives - Technical Feasibility of Alternatives to Methyl-,Bromide

in this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/iozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. Al results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Biological Control Study: UNEP 1998, B-83, B-87, B-91, B-92, B-285, B-287, B-45

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there ény location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section il
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Worksheet 3-A(14). Aiternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section |l. Existing'Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's weB_site? Yes X No

1a. }f not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Biological Control

6. Was crop yield measured in the study? Yes - No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the resuits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

in the studies described, Phytophthora capsici was not a target pathogen, so they do not apply to Michigan's

situation.
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A -A(14)(b) - Techmcal Feas:blllty of Alternatives to Methyl Bromide

. »_\Alternatlv,

in thls ‘worksheet; you should- address why an alternatlve pest management strategy on the Iist (see prevnous page) is or is. »
not effective for your condmons .

For worksheet 3-A you must complete one worksheet for each alternative, for each research. stud ' addressed :Please .
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3- (A)(2)(a) For the second
alternative, second research study; label the worksheet 3-{A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you ohly' heed to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet

If you prefer, you may provide the information requested in thls worksheet ina narratnve review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combmatton) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
affernative pest control regimens for various crops, which can be found at http://www.epa. gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used; such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies 10 its website as they become publicly-available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowiedges that for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives prowded by
" the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Biological Control Study: Alternatives for methyl bromide on cucurbits and

solanaceous crops, 2002.

Section I. Initial Screenlng on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site? '
1a. Full use permitted X '
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this applicatton, the
applicant should not complete Sectionll.
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Worfsheet 3-A(14)(5). Alter__‘”‘ ives

Existing Resea .cvh"’Studles on Alternatives to 'Methyl Bromide

_Se‘ct‘iaﬁ"ll“

1. Is the study on. EPA's webs:te? . . Yes_."-“.'::::,' caont Nes X

~da. If not on the EPA websute, please attach a copy

2, Author(s) or researcher(s) M. K Hausbeck
B.D. Cortright .
‘3. Publication and Date of Publication Researc_:h in progress

4. Location of research study  Michigan, USA

5. Name of alternative(s) in study. If more than one a.ltemative,- list the ones you wish to discuss.
Multigard FFA, Multigard Protect, Multigard Protect + Vapam HL, CX-100

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in coﬁf?olling pests in the study.
Fields have not been harvested yet.

8. Discuss how the resIUIts of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(15). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

in this worksheet, you should address why an alternative pest management strategy on the list (see previous page)is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

s

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the

same alternative, second research study, label the worksheet 3-A(1)(b).. For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)}2)a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section 1 and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by -crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control régimens for various crops, which can be found at http://mww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work,

(1) Conduct and submit your own research

(2) Cite research that has been conducted by others L
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops.on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Cover Crops, Mulching Study: UNEP 1995, UNEP 1998, A-74, A-77, B-91, B-284, A-66,
B-42, B-287 '

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c.- Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(15). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Cover Crops, Mulching

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the resuits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The resuits of the study are not relative to the situation in Michigan, because the examples provided specifically

discuss control of weeds and nematodes. The only pathogen included was Sclerotinia sclerotiorum . Michigan

growers are managing Phytophthora capsici currently using black plastic mulch, but it is not a viable alternative

alone to control this pathogen.

OMB Control # 2060-0482
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-A(16). Alternatives - Techﬁfical Feasibility of Alteinatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is oris
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

JYou must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need. :

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For th

€ same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, fabel the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

Worksheet 3

When completing Section I,

if you cite a study that is on the EPA Website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies You cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be Provided for each study reviewed. '

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by Crop and circumstance (geographic area.) The Agency has developed a list of possible -
alternative pest control regimens for various crops, which can be found at http:/www.epa.goviozoneimbr or by caling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the reséarch yourself or cite
scientifically sound manner. The studies should in
application intervals, pest pressure, weather cond

studies developed by others, it is important that the studies be conductgd il’.l a

clude a description of the experimental methodology used, such as application rates,
itions, varieties of the crop used, etc. All results should be included, regardiess of

outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies

J ) : On a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website ag they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
rch has been conducted (i.e. solarization May not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explaln why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Crop Residue Compost

Study: UNEP 1998, B-40

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
ta. Full use permitted X

1b. Township caps

Tc. Alternative not acceptable in consuming country
1d. Other (Please describe) .

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section L
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Worksheet 3-A(16). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Crop Residue Compost

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study do not apply to Michigan, because they were not tested against Phytophthora capsici,
a primary pathogen in Michigan, USA. Also, the degree of efficacy in using compost product to control soil-borne -

pathogens vary regionally, so that composts that control pathogens in one region may not do so in another region.

OMB Control # 2060-0482
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Worksheet 3-A(17). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, fabel the worksheet 3-{(A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b). '

When completing Section II, if you cite a study thatis on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research '
(2) Cite research that has been conducted by others -

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
 websites for studies that pertain to your crop and geographic area. :

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and expiain why they cannot be used for your crop and in your geographic area. '

Use additional pages as needed.

Alternative: Crop Rotation, Fallow Study: UNEP 1995, UNEP 1998, UNEP 2001, A-73, B-83,

B-87, B-93, B-94, B-99, B-282, E-74, B-79

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted - X
1b. Township caps
1c. Alternative not acceptabie in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant shouid not complete Section Il
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Worksheet 3-A(17). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide 5

1. Is the study on EPA's website? Yes X No

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Crop Rotation, Fallow

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would’ydu expect similar results? Are there
other factors that would affect your adoption of this tool?

Rotation to crops not susceptible to crown, root and fruit rot caused by Phytophthora capsici is practiced routinely

by growers of solanaceous crops in Michigan. This management practice is not adequate, because of the long-

lived oospore of this pathogen. Since many other vegetable crops are also susceptible, including all cucurbit crops

and beans (new report of lima beans as a host), this would make rotation difficult even if it was effective. Crop

rotation and fallow is not a suitable alternative to manage P. capsici on solanaceous crops in Michigan.

OMB Control # 2060-0482
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Worksheet 3-A(17)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In.this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows, For the same alternative, first research study, label the worksheet 3-A(1)(a). For the

same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A){2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa’gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others - —

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

~ The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Crop Rotation, Fallow Study: Investigating the spatiotemporal genetic structure of

Phytophthora capsici in Michigan. ’

Se'ction I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X .
1b. Township caps
1¢. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(17)(b). Alternatives - Technical Feasibility of Altérnativé’fé to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes ' No X '
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 91:973-980, 2001

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Crop Rotation

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controliing pests in the study.
Crop rotation is not highly effective because both mating types of Phytophthora capsici are present in Michigan

fields, resulting in an oospore capable of surviving for long period of time.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Results are directly applicable, since the research was conducted in Michigan.

OMB Control # 2060-0482
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ABSTRACT

Lamour, K. H., and Hausbeck, M. K. 2001. Investigating the spatio-
temporal genetic structure of Phytophthora capsici in Michigan.
Phytopathology 91:973-980.

Phytophthora capsici isolates were recovered from pepper and -

cucurbit hosts at seven locations in Michigan from 1998 to 2000. Isolates
were characterized for compatibility type (CT), mefenoxam sensitivity
(MS), and amplified fragment length polymorphism (AFLP) marker
profiles. In total, 94 AFLP bands were resolved. Individual populations
were highly variable. Within populations, 39 to 49% of the AFLP bands
were polymorphic and estimated heterozygosities ranged from 0.16 to
0.19. Of the 646 isolates fingerprinted, 70% {454) had unique AFLP

profiles. No clones were recovered between years or locations. Pairwise
F statistics (®gr) between populations from different locations ranged
from 0.18 to 0.40. A tree based on unweighted pair-group method with
arithmetic average cluster analysis indicates discrete clusters based on
location. Isolates from the same location showed no clustering based on
the year of sampling. Analysis of molecular variance partitioned varjabil-
ity among (40%) and within populations (60%). The overall estimated
®gr was 0.34 (SD = 0.03). A1/A2 CT ratios were =1:1, and MS fre-
quencies were similar between years for the two locations sampled over
time. These data suggest that P capsici persists in discrete outcrossing
populations and that gene flow among locations in Michigan is
infrequent.

Phytophthora capsici Leonian causes significant damage to a
variety of plant hosts worldwide, and in the United States, it
seriously impacts the production of cucurbits, tomatoes, and
peppers (9,14,20). In Michigan, the life history of P capsici is
divided between an active growth phase in the presence of sus-
ceptible host tissue and a state of dormancy over the winter, Over-
wintering survival is thought to be accomplished by thick-walled
oospores that are produced during sexual reproduction (9,10). P
capsici is heterothallic, and completion of the sexual stage re-
quires both Al and A2 compatibility types (CT). Sexual repro-
duction is mediated by extracellular hormonal signals, and there is
the potential for both self and cross-fertilization (8). Oospores
generally require a dormancy period prior to germination. Germi-
nating oospores produce coenocytic mycelium, which can directly
infect or differentiate into caducous sporangia under suitable
conditions. Sporangia can be dislodged and cause infection
directly, or, in the presence of free water, release 20 to 40 motile
zoospores. Polycyclic asexual spread of P. capsici between and
down rows has been clearly documented in the pepper/P. capsici
pathosystem (21).

Ristaino and Johnston recently summarized management strate-
gies useful for disease control (20). The primary strategy is to
manage soil water dynamics by providing the best possible
drainage for the host plant’s rhizosphere and the field, in general.
Growers are advised to rotate fields to nonsusceptible hosts, and
when appropriate to apply fungicides.

The phenylamide fungicide mefenoxam is fungistatic to sensi-
tive isolates of P. capsici (16), but, as has occurred with many
comycetes, -insensitivity has developed in field populations
(9,17,18). Research with P. capsici isolates from Michigan indi-
cates that insensitivity is controlled by an incompletely dominant
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© 2001 The American Phytopathological Society

gene of major effect (9), which is consistent with the findings .
for other oomycetes (3).

In Michigan, fruit, stem, and root rots caused by P. capsici on
susceptible hosts have increased in recent years, and growers
employing available management strategies have experienced sig-
nificant Josses. Over the last 4 years, an investigation of P. capsici
populations in Michigan commercial vegetable production fields
has been conducted (9,10). The initial phase of this study was
based on the distribution and frequency of CT and mefenoxam
sensitivity (MS) phenotypes within fields. In 1998, an approxi-
mate 1:1 ratio of A1/A2 isolates was discovered in the majority of

- fields sampled, and oospores were detected in diseased cucurbit

fruit on four separate farms. All six CT/MS phenotypes were
recovered as oospore progeny from a single diseased cucumber
fruit as well as from a single diseased cucumber field (9). These
initial findings suggested that the sexual stage occurs in popu-
lations of P. capsici in Michigan and, based on the MS findings,
that sexual recombination may play an important role in generat-
ing the fully insensitive MS phenotype.

The ability to assess population structure by only CT and MS is
limited by the fact that only six phenotypic combinations are re-
solvable and is further limited because some populations appear to
have only sensitive or insensitive isolates (9). Amplified fragment
length polymorphism (AFLP) markers are increasingly used as a
tool to investigate population genetic structure in a wide variety of
living organisms including plants (22,24), animals (19), insects
(4), and microorganisms (11). A molecular map of the P. infestans
genome was constructed based on AFLP and restriction fragment
length polymorphism markers and corroborates the finding of
other researchers that AFLP markers span the genome (23). The
recent characterization of a single mefenoxam-insensitive popula-
tion of P. capsici with AFLP markers over a 2-year period
revealed that genotypic and genic diversity were high, that clonal
reproduction (the recovery of identical multilocus genotypes from
different locations within a field) was significant within a single
season but that members of the same clonal lineage were not
detected between years, that AFLP marker frequencies did not
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change significantly between years, and that the frequency of
mefenoxam insensitivity did not appear to decrease in the absence
of mefenoxam use (10).

In this paper, we report on the genetic structure of P capsici
populations from fields located in different regions of Michigan. It
was our goal to consider dispersal between locations and the im-
pact of outcrossing on natural populations. We also report on the
frequency of self-fertilized versus outcrossed progeny in a sexual
cross between isolates from different geographical locations and
the inheritance of AFLP markers in this cross. Portions of the
information in this paper have been reported previously (9,10).

MATERIALS AND METHODS

Isolate collection and maintenance. Pepper, cucumber, pump-
kin, tomato, and squash plant tissue (root, crown, and fruit) with
typical signs and symptoms of infection by P capsici were
collected from six farms in four different regions of Michigan
between 1998 and 2000. Sampling was conducted using field-
specific grids with grid quadrants varying from 40 m? to 12 km?,
depending on the size of the field. Sample sets are labeled accord-
ing to the following notational approach: location (SW = south-
west, SC = south central, C = central, and NW = northwest)
followed by a farm designation (1,2,...n) with a hyphen separating
a field designation (A,B,...n) and the year sampling was conducted
(98, 99, and 00). Diseased plant tissue (between 4 to 20 per quad-
rant) was collected from quadrants in an arbitrary fashion. Isola-
tion from diseased plant material was made onto BARP (25 ppm
of benomyl, 100 ppm of ampicillin, 30 ppm of rifampicin, and
100 ppm of pentachloronitrobenzene)-amended UCV8 (840 ml of
distilled water, 163 ml of unclarified V8 juice, 3 g of CaCO;, and
16 g of agar) plates. Procedures for obtaining single zoospore
isolates were as previously described (9). Single zoospore cultures
were maintained on RA (30 ppm of rifampicin and 100 ppm of
ampicillin)-UCVS8 plates and transferred bimonthly. For long-term
storage, a 7-mm plug of expanding mycelium from each culture
was placed in a 1.5-ml microfuge tube with one sterilized hemp

TABLE 1. Inheritance of 17 amplified fragment length polymorphism
(AFLP) markers, compatibility type (CT), and mefenoxam sensitivity (MS)
in 107 progeny of a cross between Phytophthora capsici isolates OP97
{A1/1S) and SFF3 (A2/S)

Marker® Progeny raticP X% P

E+AC/M+CA-66 47:60 1.58 0.20
E+AC/M+CA-97 51:56 0.23 0.70
E+AC/M+CA-146 53:54 0.01 0.90
E+AC/M+CA-149 60:47 1.58 0.20
E+AC/M+CA-156 64:43 4.12 0.04
E+AC/M+CA-159 56:51 0.23 0.70
E+AC/M+CA-244 46:61 2.10 0.17
E+AC/M+CA-258 52:55 0.08 0.80
E+AC/M+CA-270 53:54 0.01 0.98
E+AC/M+CA-282 56:51 0.23 0.70
E+AC/M+CA-290 62:45 2.70 0.13
E+AC/M+CA-328 55:52 0.08 0.80
E+AC/M+CA-351 61:46 2.10 0.15
E+AC/M+CA-398. 55:52 0.08 0.80
E+AC/M+CA-431 55:52 0.08 0.80
E+AC/M+CA-435 57:50 0.46 0.90
E+AC/M+CA-444 49:58 0.76 0.85
CT 53:54 0.01 ‘ 0.98
MS 47:60 1.58 0.20

3 AFLP marker labels indicate the restriction enzymes (E = EcoRl, M =
Msel), the two selective nucleotides, and the size of the DNA fragment in
base pairs.

b Presence/absence ratios for AFLP markers, A1/A2 for CT, and sensitive (S
intermediately sensitive (IS) for MS as determined by in vitro screening.

< %2 value for testing 1:1 segregation (1 df).

4 Probability of the observed ratio occurring by chance under the null
hypothesis of 1:1 segregation.
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seed and 1 ml of sterile distilled water (SDW). Isolates were then
incubated for 2 to 3 weeks at 23 to 25°C before being stored at

“15°C.

CT and MS determination. Agar plugs from the edge of an
expanding single zoospore colony were placed at the center of
UCVS plates approximately 2 cm from ATCC isolate 15427 (Al
CT) and ATCC 15399 (A2 CT) and incubated in the dark at 23 to
25°C for-3 to 6 days. Following incubation, CT was determined.
Thereafter, all CT determinations were crossed with field isolates
OP97 (A1) and SP98 (A2).

Agar plugs from the edge of actively expanding single zoospore
colonies were placed at the center of UCV8 plates (100 x 15 mm)
amended with 0 or 100 ppm of mefenoxam (Ridomil Gold EC,
Novartis, Greensboro, NC; 48% active ingredient, suspended in
SDW; added to UCV8 cooled to 49°C). Inoculated plates were
incubated at 23 to 25°C for 3 days, and colony diameters were
measured. Percent growth of an isolate on amended media was
calculated by subtracting the inoculation plug diameter (7 mm)
from the diameter of each colony and dividing the average diam-
eter of the colony on amended plates by the average diameter of
the colony on unamended control plates. All tests were conducted
at least two times. An isolate was scored as sensitive (S) if growth
at 100 ppm was <30% of the control, intermediately sensitive (IS)
if growth was between 30 and 90% of the control, and insensitive -
(1) if growth was >90% of the control (9).

DNA extraction and AFLP fingerprinting. Bacterial contami-
nation was avoided by using a modified Van Teigham cell (5). The
uppermost portion of a 7-mm plug of mycelium was placed on the
surface of RA-WA plates (30 ppm of rifampicin, 100 ppm-ef
ampicillin, 1,000 ml of distilled water; and 16 g of agar) and an
autoclaved cap from a 1.5-ml microfuge tube was placed over the
plug, which forced the isolate to grow through the amended
medium. Isolates were incubated in the dark for 2 to 3 days before
two 7-mm plugs were transferred to approximately 15 ml of
RA-UCVS broth in petri dishes (100 x 5 mm) and incubated in the
dark for 3 days at 23 to 25°C. Mycelial mats were washed with
distilled water and dried briefly under vacuum before being frozen
to =20°C and lyophilized.

Lyophilized mats were ground with a sterile mortar and pestle.
Whole genomic DNA from approximately 50 mg of ground
mycelium was extracted with a plant mini kit (Qiagen Dneasy;
Qiagen Inc., Valencia, CA) according to the manufacturer’s direc-
tions or using a cetyltrimethylammonium bromide (CTAB) proce-
dure in conjunction with an automated DNA extractor. DNA was

TABLE 2. Estimates of genetic diversity within populations of Phytophthora
capsici in Michigan

No. of No. and %
No. of AFLP polymorphic ~ Estimated average
Population®  isolates® bands bands® "heterozygosity
SW1-A98 57 72 37(39 0.16
SW1-A99 141 72 37 (39) 0.16
SW1-B99 35 69 38 (40) 0.16
SW1-B0O 24 69 38 (40) 0.16
SC1-A98 50 68 42 (45) 0.17
SC2-B99 45 71 43 (46) 0.17
C1-A00 48 77 41 (44) 0.17
NW1-A99 37 80 44 (47) 0.19
NW2-B98 24 73 46 (49) 0.18

* First two capital letters indicate location in Michigan with S = south, W =
west, C = central, and N = north, the number following the location desig-
nator indicates the farm, the capital letter following the hyphes is 2 field
designator, and .the numbers following the field designator indicate year
(e.g., 00 = 2000).

b Total number of isolates with unique multilocus amplified fragment length
polymorphism (AFLP) profiles. i

© Percent polymorphic bands determined by dividing the number of poly-
morphic bands by the total number of bands recovered in Michigan
(N =94),



quantified by Nucleic Acid QuickSticks (Clontech, Palo Alto, CA)
according to the manufacturer’s directions or on 1.5% agarose
gels. Approximately 100 ng of DNA was subjected to a restric-
tion/ligation reaction, preselective amplification, and selective
amplifications using the polymerase chain reaction (PCR) core
mix, adaptor sequences, core primer sequences, and fluorescence-
labeled primers provided by an AFLP microbial fingerprinting kit
(Perkin-Elmer Applied Biosystems [PE/ABI], Foster City, CA)
and performed exactly as described in the AFLP microbial finger-
printing protocol part 402977 Rev A (PE/ABI) (25). All PCR reac-
tions were performed with a minicycler (MJ Research Inc.,
Waltham, MA) in 0.2-ml tubes according to the cycling parame-
ters outlined in the microbial fingerprinting protocol.

An initial optimization set of reactions was performed w1th
preselective products from P capsici isolate OP97, which was
isolated from a cucumber fruit in 1997 (9). Selective amplifica-
tions with the selective primers EcoRI-AA, AC, AG, and AT were
performed in all 16 combinations with the Msel-CA, CC, CG, and
CT selective primers. EcoRI-selective primers available from
PE/ABI were labeled at the 5” end with either carboxyfluorescein
(FAM), carboxytetramethyrhodamine (TAMRA), or carboxy-4',5'-
dichloro-2’,7’-dimethoxyfluorescein (JOE) fluorescent dyes. The
fluorescent dyes were excited by laser radiation and visualized by
their characteristic absorption-emission frequencies. Only the
fragments containing an EcoRI restriction site wef€ resolved.

Selective amplification AFLP products and a carboxy-X-rhoda-
mine size standard were loaded into each lane on a denaturing poly-
acrylamide gel and the fragments resolved in a DNA sequencer
(Prism.377; ABI). Results were prepared for analysis in the form

of electropherograms using GeneScan Analysis software (PE/ABI). -

AFLP fragments were scored manually as present = 1 or absent =
0 using Genotyper (PE/ABI). Only DNA bands that consistently
exhibited unambiguous presence/absence profiles were scored.

In order to assess the reproducibility of AFLP profiles, a single
isolate, OP97, was subjected to the aforementioned protocol using
three optimal primer pair combinations on three separate occa-
sions approximately 3 months apart.

No prior sequencing or cloning of fragments is needed to utilize
this marker system and it is highly reproducible between labs (1).
AFLP markers are generally scored as present or absent (e.g.,
dominant markers), and the confidence with which population
level inferences can be made is greatly increased by sample sets
that are approximately twice the size used for codominant markers
(7,12,28).

Marker inheritance. Oospore progeny (N = 107) resulting
from a cross between isolate OP97 (A1/IS) x SFF3 (A2/S) were
subjected to AFLP analysis as described previously. Protocols for
the generation, germination, and phenotypic characterization of
the F1 oospores from this cross have been reported previously (9).
The inheritance of AFLP bands present in one parent and absent in
the other were analyzed by chi-square analysis to compare ob-
served numbers to those expected under simple Mendelian inheri-
tance (23). Bands present in a single parent and inherited in all the
progeny were assumed to be present in two copies in the parent.
Bands present in both parents, or present in two copies in one
parent and absent in the other, are not reported on in this study.
Individual oospore isolates were evaluated to determine if they
were the products of self-fertilization or outcrossing between the
parent isolates.

Clone detection. AFLP fragments for each field isolate were
scored for presence or absence, and the binary data matrix was
converted to a similarity matrix using a simple matching coef-
ficient of resemblance with the program NTSYS-pc version 2.02k
(Exeter Software, Setauket, NY). Unweighted pair group method
with arithmetic averages (UPGMA) cluster analysis was perform-
ed on the similarity matrix and a tree was generated. Isolates
showing complete homology at all loci were considered members
of the same clonal lineage and, except for a single representative

isolate (referred to as a clone), were excluded from population
genetic analysis (13).

Population genetic analysis. Sample sets collected from single
fields during a single year were considered a population. Popu-
lations were assumed to be in Hardy-Weinberg equilibrium, and
each AFLP locus was assumed to be diallelic and selectively
neutral. The program tools for population genetic analysis (TFPGA)
(M. P. Miller, Northern Arizona University, Flagstaff) was used to
assess genetic diversity within each population on the basis of
estimated average heterozygosity (15) and the proportion of poly-
morphic loci at the 95% level (6), and to calculate pairwise and
overall fixation indices (F statistics)- according to the methods of
Weir and Cockerham (26). Confidence intervals for F statistics at
the 95% confidence level were generated by bootstrapping using
1,000 iterations. '

The fixation index, as described by Wright, equals the reduction
in heterozygosity expected with random mating at any one level of
a population hierarchy relative to another more inclusive level of
the hierarchy (27). Weir and Cockerham’s approach to estimating
fixation indices attempts to correct for the effects of sampling a
limited number of organisms from a limited number of popula-
tions and is reported as ®gy instead of Fsp (26). Theoretically,
the fixation index has a minimum of O (no loss of heterozy-
gosity between the populations compared) and a maximum of 1
(indicating fixation for alternative alleles in different populations
or a total loss of heterozygosity), but, as discussed by Hartl and
Clark (6), the observed maximum is usually much less than 1.
Wright (27) has suggested the following qualitative guidelines
for the interpretation of fixation indices: the range 0 to 0.05 indi-
cates little genetic differentiation, 0.05 to 0.15 indicates moderate
genetic differentiation, 0.15 to 0.25 indicates great genetic dif-
ferentiation, and values above 0.25 indicate very great genetic
differentiation.

Using the program NTSYS-pc, the combined 0/1 data matrix
for isolates from all populations was used to construct a genetic
similarity matrix of all possible pairwise comparisons of indivi-
duals within and among populations using Jaccard’s similarity co-
efficient: GS(ij) = a/(a + b + c). GS(ij) is the measure of genetic
similarity between individuals i and j, where a is the number of
polymorphic bands shared by i and j, b is the number of bands
present in i and absent in J, and ¢ is the number of bands present in
J but absent in i. Trees were constructed using UPGMA cluster
analysis to provide a graphic representation of the relationships
among isolates. A cophenetic correlation coefficient was computed
to assess the goodness of fit of the tree to the similarity matrix.

TABLE 3. Clonal component of genotypic .diversity within populations of
Phytophthora capsici from Michigan

Mipimum:maximum

Unique AFLP No. of
Total no. genotypes clonal no. of isolates per

Population® of isolates (%)° lineages clonal lineage
SW1-A98 63 57 (90) 5 2:2
SW1-A99 200 141 (71) 15 2:40
SW1-B99 71 34 (48) 12 - 2:9
SW1-B00 36 24 (67) 5 2:8
SC1-A98 57 50 (88) 5 2:3
SC2-B99 56 45 (80) 5 2:5
C1-A00 51 48 (94) 3 2:2
NWI1-A99 88 37 (42) 12 2:12
NW2-B%8 24 18 (75) 3 2:3
Total 646 454 (70) 65

2 First two capital letters indicate location in Michigan with S = south, W =
west, C = central, and N = north, the number following the location
designator indicates the farm, the capital letter following the hyphen is a
field designator, and the numbers following the field designator indicate
year (e.g., 00 = 2000).

b Percentages calculated by dividing the number of unique amplified
fragment length polymorphism (AFLP) genotypes by the total number of
isolates recovered.
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Genetic structure was also examined by analysis of molecular
variance (AMOVA) using the ARLEQUIN software package (L.

Excoffier, University of Geneva). The AMOVA analysis was used’

to partition the variance in banding patterns within and among
populations from' the same geographical site over consecutivé
years, between sites on the same farm separated by approximately

1 km, and between all the locations sampled in Michigan. Sig--

nificance values were assigned to variance components based on a
set of null distributions generated by a permutation process, which
randomly assigned individuals to populations and drew 1,000 in:
dependent samples. In order to clearly summarize the spatial
aspect of genetic differentiation, regression was used to fit an
appropriate model to the plot of pairwise ®sr values and
geographical distances.

RESULTS

AFLP band characterization and marker inheritance.
Evaluation of 16 EcoRI + 2/Msel + 2 selective primer pair combi-
nations indicated that EcoRI + AC/Msel + CA (EAC/MCA) pro-
vided the most clearly resolved fragment profile, and this primer
pair was used to analyze DNA from the isolates in this investi-
gation. AFLP profiles for isolate OP97, generated from separate
DNA extractions on three separate occasions over a 1-year period,
were identical, with only minor differences in the intensity of the
electropherogram signal. Occasionally, individual reactions result-
ed in poorly resolved fingerprint profiles (e.g., low intensity of
signal) and were repeated until signals were deemed optimal. The
EAC/MCA primer combination resulted in 94 clearly resolved
fragments between 40 and 550 bps when considering all the iso-
lates recovered from Michigan.

Vs

AFLP analysis of oospore progeny from cross OP97 x SFF3 re-
vealed that all 107 progeny had a combination of bands that were
present in only a single parent, indicating that each was a product
of outcrossing and not self-fertilization. A comparison of the
observed to the expected ratios (1:1) for 17 bands, which were
present in only one parent, indicated that only one band segre-
gated in a manner significantly different than expected (P = 0.05)
(Table 1). Chi-square analysis also indicated that the observed
ratios of A1/A2 CT and S/IS MS were not significantly different
than expected under Mendelian inheritance (Table 1).

Gene and genotypic diversity. Each isolate was scored for the
presence or absence of all 94 AFLP bands. The number of AFLP
bands present in each population ranged from 68 to 80, with an
average of 72; the number of polymorphic bands ranged from 39
to 49, with an average of 43; and the estimated average hetero-
zygosity ranged from 0.16 to 0.19, with an average of 0.17 (Table
2). These measurements fall within the range described for a wide
range of obligately outcrossing diploid plant species. Seventeen
(18%) AFLP loci were fixed for the present state (every isolate
analyzed had these AFLP markers) in all populations; 12 (13%)
were polymorphic in all populations, and 65 (69%) were fixed for
presence or absence in some populations and polymorphic in
others. The high proportion of AFLP markers fixed among the
populations gives a strong indication that significant genetic dif-
ferentiation exists. '

Of the 646 isolates analyzed, 70% had unique multilocus AFLP
profiles (Table 3). This suggests that inoculum originating from
oospores plays a surprisingly large role in contributing to epi-
demic development. The number of clonal lineages detected from
single locations in Michigan varied from 3 to 15, and the number
of isolates within any single clonal lineage ranged from 2 to 40

TABLE 4. Pairwise F statisics (®gy)® (below diagonal) and geographical distances (in kilometers, above diagonal) among Phytophthora capsici populations in

Michigdn .
Populations®  SW1-A98 SW1-A99 SW1-B99 SW1-B0O SC1-A98 SC2-B99 C1-A00 NW1-A99 NW2-B98
SWI1-A98 e 0 1 1 165 169 150 180 185
SW1-A99 0.04 1 1 165 169 150 180 185
SW1-B99 0.18 - 0.25 0 166 170 150 180 185
SW1-B0O 0.25 0.24 0.03 166 170 150 180 185
SCI-A98 0.36 0.37 0.29 0.29 8 135 260 265
SC2-B99 0.33 0.35 0.32 0.33 0.28 130 255 260
C1-A00 0.36 0.37 0.33 0.32 0.38 0.40 .- 140 145
NWI-A99 0.32 - 0.34 0.30 0.30 0.32 0.32 038 5
NwW2-B98 0.36 - 037 0.31 0.32 0.33 0.33 0.33 0.27

® Estimated fixation index calculated according to the methods of Weir and Cockerham.
b First two capital letters indicate location in Michigan with S = south, W = west, C = central, and N = north, the number following the location designator
indicates the farm, the capita} letter following the hyphen is a field designator, and the numbers following the field designator indicate year (e.g., 00 = 2000).

TABLE 5. Results of nested analysis of molecular variance (AMOVA) for Phytophthora capsici isolates based on 94 amplified fragment length polymorphism

markers

Source of variation® Degrees of freedom Sum of squares Variance component Percent variation . P

SW1-A (1998-1999)
Among populations 1 39.658 0.396 5.05 <0.0001
Within populations 197 1,461.559 7.457 -94.95

SW1-B (1999-2000)
Among populations 1 6.678 0.016 0.27 0.0029
Within populations 57 312.399 6.248 99.73

SW1-A vs. SWI-B
Among populations 1 234.790 2762 27.34 <0.0001
Within populations 255 1,820.294 7.340 72.66

All locations
Among populations 6 1,169.295 4.814 39.67 <0.0001
Within populations 273 1,984.345 7.322 60.33

® First two capital letters indicate location in Michigan with S = south; W = west, C = central, and N = north, the number following the location designator
indicates the farm, and the capital letter following the hyphen is a field designator. Variance is partitioned between 1998 and 1999 at SW1-A, between 1999
and 2000 at SW1-B, between combined sample sets from SW1-A and SW1-B, and within and between sample sets from seven locations in Michigan. AMOVA
analysis for all locations includes sample sets from a single year for locations SW1-A and SW1-B.

b P = the probability of obtaining a more extreme variance component estimate by chance alone based on 1,000 sampling realizations.
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(Table 3). In all cases, isolates with identical multilocus AFLP
profiles had identical CT and fell into the same MS category. No
clones were recovered among separate locations, and cluster
analysis indicated that isolates from the same location grouped
discretely. The percentage of genotypically unique isolates re-
covered at locations ranged between 42 and 94% (Table 3). This
wide variation may be due to when the samples were collected.
Sample sets collected at SW1-A over the course of the 1999
growing season exhibited significantly less genotypic diversity at
the end of the season due to the spread of clonal lineages (10).
This is expected for an organism with polycyclic disease develop-

ment and suggests that samples collected early in a P. capsici
epidemic may provide a better estimate of genic diversity than
samples collected at the height of an epidemic. ;
Temporal dynamics. F statistics (sr) comparing populations
of P. capsici recovered from field SW1-A over 1998 and 1999,
and field SW1-B over 1999 and 2000 were 0.04 and 0.03, respec- -
tively. These values indicate that very little genetic differentiation
or loss of heterozygosity occurred between years at either location
(Table 4). At both Jocations, the number and identity of AFLP
bands resolved remained identical over time, with 72 total bands
recovered from populations at SW1-A and 69 bands recovered

A

—
SW1-B99 —=
SW1-B0O =
— [
SW1-
A98
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73 78 .83 .88 .93 .98

Genetic similarity

Fig. 1. Unweighted pair-group method with arithmetic average cluster analysis of Phytophthora capsici isolates from location SW1-B over 1999 and 2000 (N =
58) and SW1-A in 1998 (N = 57) based on the Jaccard similarity coefficient using 94 amplified fragment length polymorphism markers. Nodes contain isolates
exclusively from single locations. Location identifiers precede the inclusive node and are indicated by region (S = south, N = north, W = west, and C = central)
and a farm identifier (1,2,...n) prior to the hyphen with a field indicator (A, B,...n) and the year of sampling (e.g., 00,= 2000) following.

TABLE 6. Location, year, hosts, compatibility type, and mefenoxam sensitivity of genetically unique Phytophthora capsici isolates collected in Michigan

between 1998 and 2000

Compatibility type/mefenoxam sensitivity?

Population® Hosts® No. of isolates® Al/S AVIS AT A2/S A218 A1
SW1-A98 S,PK 57 4(0.07) 31 (0.54) 6(0.11) 16 (0.28)
SWI1-A99 S 141 1(0.01) 17 (0.12) 57 (0.40) 1(0.01) 23(0.16) 42 (0.30)
SWI1-B99 S 34 14 (0.41) 4(0.12) 11(0.32) 4(0.12) 1(0.03)
SW1-B0O S 24 7(0.29) 5(0.21) 5(0.21) 5(0.21) 2(0.08)
SC1-A98 C 50 10 (0.20) 17 (0.34) 2(0.04) 10 (0.20) 11(0.22)
SC2-B99 C 45 6(0.13) 22(0.49) 2 (0.04) 15(0.33)
C1-A00 P 48 20 (0.42) 28 (0.58)
NWI1-A99 S,C 37 25 (0.68) 12 (0.32)

NW2-B98 P 18 10 (0.56) 7(0.39) 1(0.05)
Total 454 87 (0.19) 53 (0.12) 112 (0.25) 74 (0.16) 52(0.11) 76 (0.17)

* First two capital letters indicate location in Michigan with S = south, W = west, C = central, and N = north, the number following the location designator
indicates the farm, the capital letter following the hyphen is a field designator, and the numbers following the ficld designator indicate year (e.g., 00 = 2000).

b S = squash, C = cucumber, PK = pumpkin, and P = pepper.

¢ Total number of isolates with unique multilocus amplified fragment length polymorphism profiles. }
8 Mefenoxam sensitivity determined by in vitro screening on 100 ppm of mefenoxam-amended media with S = <30% growth of control (GC), 1S = between 30
and 90% GC and I = >90% GC. Observed numbers are followed by proportion of total sample size in parenthesis.
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from populations at SW1-B (Table 2). The number and identity of
bands polymorphic at the 95% level (37 ‘for SW1-A and 38 for
SW1-B) and the estimated average heterozygosity (0.16 for both
locations) also remained constant over time (Table 2). AMOVA
analysis of SW1-A and SW1-B over time partitioned 5% of the
total variability between years for SW1-A:and <1% of the total
variability between years at SW1-B (Table 5). Significant clonal
reproduction was detected at both field sites within a given year,
but no members of the same clonal lineage were detected among
locations or years (Table 3). Thus, even though individual geno-
types did not appear to survive the winter, the data suggest that
there was enough outcrossing and survival of the resulting recom-
binant progeny at both these locations to maintain genic diversity.
Cluster analysis showed that isolates from SW1-A and SW1-B
branched from location-specific nodes (branch points on the tree).
If there was migration between the locations, then isolates from

SWI1-A and SW1-B would be expected to be intermixed in the
cluster analysis. On the other hand, there was no clustering within
either of the location-specific clusters based on year (Fig. 1). The
ratio of A1/A2 CT approximated a 1:1 ratio at each location
(Table 6). The percentage of isolates falling into the six MS/CT
categories remained relatively similar between years at each loca-
tion, with a breakdown of 0 and 1% Al/S, 7 and 12% AL/IS, 54
and 40% Al/l, 0 and 1% A2/S, 11 and 16% A2/IS, and 28 and
30% A2/1 for location SW1-A in 1998 and 1999, respectively
(Table 6). The percentage of isolates in each of the six categories
for SW1-B was 41 and 29% A1/S, 12 and 21% AL/IS, 0 and 0%
Al/1, 32 and 21% A2/S, 12 and 21% A2/1S, and 3 and 8% A2/I
between 1999 and 2000, respectively (Table 6).

Genetic structure. Pairwise ®gr values ranged from 0.18 to
0.40 when comparing populations from different locations (Table
4). According to Wright's criterion, this means that populations

- SC2-B99 r—*

SC1-98 [

NW1-A99
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Genetic similarity

Fig. 2. Unweighted pair-group method with arithmetic average cluster analysis of 255 Phytophthora capsici isolates from six locations in Michigan based on
the Jaccard similarity coefficient using 94 amplified fragment length polymorphism markers. Nodes contain isolates exclusively from single locations. Location
identifiers precede the inclusive node and are indicated by region (S = south, N = north, W = west, and C = central) and a farm identifier (1,2,...n) prior to the
hyphen with a field indicator (A, B,...n) and the year of sampling (e.g., 00 = 2000) following.
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were greatly differentiated, even when located as close as 1 km
apart. The overall ®gr value when analyzing isolates from all
seven locations combined was 0.34 (SD = 0.03), which indicates
that approximately 34% of the total genetic variation was present
among locations. An AMOVA analysis of sample sets from all
locations corroborated this finding and attributed 40% of the
genetic variation among populations and 60% within populations
(Table 5). Cluster analysis was also in agreement with the overall
fixation index and revealed that populations from different geo-
graphical locations branched from specific nodes (Figs. 1 and 2),
with population-specific clusters being between 63 and 75%
similar. Genetic similarities between individuals within each of
the clusters showed similar patterns with individuals ranging be-
tween 75 to 95% for SW1-A (1998 and 1999), 77 to 94% for
SW1-B (1999 and 2000), 75 to 94% for SC1-A98, 69 to 92% for
SC2-B99, 76 to 95% for C1-A00, 71 to 97% for NW1-A99, and
72 t0 93% similar for NW2-B98 (Figs. 1 and 2). The cophenetic
correlation coefficient for the overall tree (Fig. 2) was 0.84,
indicating that the tree provided a good fit to the data matrix. The
results of fitting a linear model to describe the relationship be-
tween pairwise ®gr and pairwise geographical distances indicated
a significant relationship (~* = 42.67; P < 0.01) (Fig. 3). Although
this analysis should be interpreted with caution due to the un-
balanced nature of the sample (28 observations between -130 to
265 km and only 6 observations between 1 to 8 km), it suggests
that the genetic differentiation among locations only becomes
more substantial with increasing distance.

DISCUSSION

In Michigan, producers of tomatoes, peppers, and cucurbits have
experienced increasing losses to P. capsici during the last 10 to
15 years. Land suitable for vegetable production is limited in
some areas and the length of crop rotation is restricted. A mini-
mum of 3-years rotation to nonsusceptible hosts is a standard
recommendation (20). The efficacy of rotation in a disease man-
agement program depends on the ability of P. capsici to survive
and move among locations. Determining the survival period of
naturally produced P. capsici propagules is difficult (2) because
inoculum may be present in a small, often undetectable amount.
Although significant local spread via water has been demonstrated
(21), there is little information concerning the movement of P
capsici among geographically separated locations. We report on
isolates from seven geographically separated locations as part of
an ongoing investigation aimed at determining how P. capsici sur-
vives and characterizing the dynamics of dispersal. Segregation
analysis of 17 of the AFLP markers used in this study suggests
they are generally inherited as diallelic Mendelian characters and
therefore are useful for estimating population genetic measures
with P, capsici.

Earlier studies suggest that outcrossing is an important compo-
nent of the life history of P. capsici and that recombination has a
significant impact on the genetic structure of populations (9,10).
The data reported here support these previous conclusions, but
suggest that outcrossing occurs on a local scale. This is best il-
lustrated by the grouping of isolates into location-specific clusters.
Gene flow among locations serves as a powerful evolutionary
force to reduce genetic differentiation (6), and the distinct group-
ing of isolates based on location is typical for populations that are
reproductively isolated. It is unlikely that incompatibility among
the isolates from different locations is responsible because the
progeny from the interregional cross (OP97 x SFF3) were all hy-
brid and previous crosses between isolates from separate popula-
tions suggested similar results (9). The estimated pairwise fixation
indices and AMOVA analysis quantified the differences among
the populations and indicated that >25% of the observed genetic
variation was unique to single locations. Hartl and Clark state that
migration of a small number of individuals (e.g., one to two) per

generation is generally sufficient to keep fixation indices at 0.10
or less (6). The observed pairwise fixation indices among the
populations presented here suggest that movement among loca-
tions was rare. Although polycyclic disease development appears
to play an important role in disease development within a single
growing season, there were no members of the same clonal
lineage recovered among the seven locations or among years at
SW1-A or SW1-B. ) ‘

The finding that movement among locations appears to be rare
suggests that the efficacy of rotation may depend more on the -
long-term survival of P. capsici than on movement among loca-
tions. The fields at farm SW1 provided a unique opportunity to
investigate survival and spread. Both SW1-A and SW1-B had P.
capsici epidemics in 1999, and the only difference among the two
was previous rotation patterns. SW1-A was continuously cropped
to squash from 1997 to 1999. Location SW1-B was the site of a
severe P, capsici epidemic on squash in 1994 that was followed by
a soybean and comn rotation until squash was planted again in
1999. The locations are irrigated from separate wells, do not share
drainage water, and plant tissue is not knowingly moved among
the sites. These fields are of particular interest because they
differed significantly in the proportion of mefenoxam insensitive
isolates collected in 1999. Only 2 of the 141 genetically unique
isolates collected from SWI-A were sensitive to mefenoxam,
whereas 24 of the 35 unique isolates recovered from SW1-B were
sensitive to mefenoxam. This suggests very little, if any, move-
ment of isolates from SW1-A to SW1-B. The patterns of diversity
at the DNA level clearly separate the isolates into two discrete
populations and effectively rule out gene flow in 1999. The genic
stability of P. capsici at SW1-A from 1998 to 1999, and at SW1-B
from 1999 to 2000, suggests that movement into these sites was
rare. Ini light of these findings, a reasonable explanation for the
epidemic at SW1-B in 1999 is that oospores formed during the
1994 epidemic remained dormant over five winters and provided
the initial inoculum. There are reports of oospores surviving ex-
tended periods for other Phytophthora spp. (5), and continued
tracking of the P. capsici populations at the locations presented
here should help us decipher the relative contributions of reintro-
duction and survival.

The finding that population differentiation increased with dis-
tance, considering the magnitude of genetic differentiation at even
the closest sites, is consistent with rare founding events origi-
nating from nearby locations or from a similar source population.
For example, farms SC1 and SC2 are not connected by water-
ways, nor do they share equipment, but both produce cucumbers
for the pickling industry and utilize the same processing station.
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Fig. 3. Association between the degree of genetic subdivision (pairwise )
and pairwise geographical distances among Phytophthora capsici popula-
tions at seven locations in Michigan (r* = 42.6; P < 0.01).
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When a semitrailer of. .cucumber fruit is delivered to the proces-
sing station the weight of oversized, undersized, or diseased
cucumbers (culls) is estimated and the trailer is reloaded with a
corresponding weight of culls sorted from previous deliveries.
Traditionally, these culls are spread onto fields with a manure
spreader. A single cucuiber cull infected with Al and A2 CT may
contain thousands of oospores (K. H. Lamour and M. K.
Hausbeck, unpublished data) and it is possible that transfer of
infected culls may have contributed to the dissemination of P.
capsici in Michigan. All of the locations sampled in this study had
a history of P. capsici epidemics and investigation of a newly
infested ﬁeld should provide insight into the nature of foundmg
events.

In summary, it appears that P. capsici persists in Michigan
fields as reproductively isolated outcrossing populations in which
the sexual stage is effectively linked to long-term survival. Thus,
even though single genotypes have the potential to increase sig-
nificantly within a single season, genic diversity is maintained
over time and new gene combinations are constantly generated.
Comparison of future sample sets to the baseline data presented
here should provide an opportunity to further clarify the contri-
butions of movement among locations and survival to the popula-
tion structure of P. capsici in Michigan.
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Worksheet 3-A(17)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
. not effective for your conditions. This worksheet contams 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methxl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alfernative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more refevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible

alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research ' _
(2) Cite research that has been conducted by others e
(3) Cite research listed on the EPA website

Whether you conduct the reséarch yourself or cite studies developed by others, it is important that the studies be conducted in a

scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,

application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.
The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.

EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studles that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explaln why they cannot be used for your crop and in your geographic area.

Use additional pages as needed

Alternative: Crop Rotation, Fallow Study: The dynamics of mefenoxam insensitivity in a recombining
. : population of Phytophthora capsici characterized with

amplified fragment length polymorphism markers.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township-caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Ii.
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Worksheet 3-A(17)(c). Alternatives - Technical Feasibility of Alternatives to Methyi Bromide

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. is the study on EPA's website? Yes No X
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication . Phytopathology 91:553-557, 2001

4. Location of research study Michigan

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Crop Rotation

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Oospores of the soil-borne fungus play a key role in overwintering and the frequency of mefenoxam insensitivity.

may not decrease in an agriculturally significant time period (2 years), rendering crop rotation and fungicide use”

ineffective.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool? .

This study is directly applicable, since it was conducted in Michigan and documents the situation of commercial

farms.

OMB Control # 2060-0482
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ABSTRACT

Lamour, K. H., and Hausbeck, M. K. 2001. The dynamics of mefenoxam
insensitivity in a recombining population of Phytophthora capsici charac-
terized with amplified fragment length polymorphism markers. Phyto-
pathology 91:553-557.

Recent findings from Michigan suggest that recombination may play a
role in the survival and evolution of sensitivity to the fungicide mefen-
oxam in populations of Phytophthora capsici on cucurbit hosts. In
1998, 63 mefenoxam insensitive isolates were recovered from a squash
field in which mefenoxam had been applied. Additional isolates were
recovered from untreated squash fields planted at this location in 1999
(200 isolates) and the spring of 2000 (34 isolates). Isolates from 1998 and
1999 were characterized using fluorescent amplified fragment length
polymorphism (AFLP) markers and all isolates were screened for com-

patibility type and mefenoxam sensitivity. In 1998 and 1999, 92 and
71% of the isolates, respectively, had unique multilocus AFLP genotypes
with no identical isolates recovered between years. Seventy-two identical
AFLP markers were clearly resolved in both the 1998 and 1999 sample
sets, and fixation indices for the 37 potymorphic AFLP loci indicate little
differentiation between years. There was no decrease in the frequency of
resistant isolates during the 2 years without mefenoxam selection. We
conclude that oospores play a key role in overwintering and that the
frequency of mefenoxam insensitivity may not decrease in an agricultur-

- ally significant time period (2 years) once mefenoxam selection pressure

is removed.

Additional keywords: fuhgicide resistance, genetic diversity, population
genetics.

Crown, root, and fruit rot caused by Phytophthora capsici is
increasing in Michigan cucurbit production fields, and uninfested
land suitable for rotation is becoming increasingly scarce, espe-
cially in areas undergoing rapid urban development. The phenyla-
mide fungicide (PAF) mefenoxam is a systemic fungicide that
appears to be acting at the level of DNA translation, and is fung-
istatic to fully sensitive isolates of P. capsici (2,13). Although
mefenoxam has been considered by some growers to be helpful,
mefenoxam insensitive isolates were reported on bell peppers in
North Carolina and New Jersey by Parra and Ristaino in 1998 (18)
and have since been recovered from 10 of 11 farms sampled in
Michigan (13), as well as, in Georgia (15) and southern Italy (19).
Mefenoxam insensitivity in Michigan P. capsici isolates is inher-
ited as a single gene exhibiting incomplete dominance (13), which
is consistent with the reports for a variety of other oomycetous
organisms (2). Investigations with P. infestans indicate that
insensitivity may be conferred by genes at different chromosomal
positions (5), suggesting that the basis of insensitivity in different
populations may not be identical. Sexual  recombination, in
particular, has the potential to impact management strategies that
employ PAFs becausé the fully insemsitive (two copies of the
insensitivity allele) phenotype may be directly generated. P. cap-
sici is heterothallic and the sexual stage is initiated when isolates
of opposite compatibility type, designated Al and A2, come into
close association to form thick-walled oospores (4). The asexual
stage includes the production of caducous sporangia born on long
pedicels, which may release motile zoospores if free water is pre-
sent. Asexual spores are thought to be responsible for the poly-

yclic nature of disease development (20).

Corresponding author: K. H. Lamour; E-mail address: lamourku @msu.edu

Pubilication no. P-2001-0312-03R
© 2001 The American Phytopathological Society

PAF resistance in the genus Phyrophthora and, in particular, the
F. infestans-potato pathosystem, is well documented (2,4,9). Until
recently, the population structure of P. infestans appeared to be
largely clonal outside of P. infestans putative center of origin (6).
The recent detection of both P. infestans compatibility types along
with increased genotypic diversity in some potato growing regions
indicates that the sexual stage is likely active and may signifi-
cantly impact control strategies that have proved useful in the past
(3,8). When PAF resistance in European P. infestans populations
increased significantly in the early 1980s, the efficacy of the PAF
metalaxyl was only regained after the product was not made avail-
able to growers for a period of time (2). This strategy apparently
allowed the resistant populations to decline or become extinct and
depends on ephemeral populations or, in the case of resident popu-
lations, upon a significant cost for resistance outside of selection
pressure. A recent study of sensitive versus PAF resistant P. nico-
tianae isolates from citrus suggests negligible fitness costs for
PAF resistance and reports that 2 years without PAF use did not
reduce the proportion of resistant isolates in groves (21). Kadish
and Cohen report that PAF-resistant P. infestans isolates in Israel
were more aggressive in colonizing tuber tissue than sensitive
isolates (12).

Novel techniques have been developed recently that allow char-
acterization of DNA-level polymorphism in organisms for which
little is known about the genome. An example is the amplified
fragment length polymorphism (AFLP) technique introduced by
Vos et al. in 1995 (23). This technique relies on restriction enzyme
fragmentation of genomic DNA with the concomitant ligation of
synthetic adaptors to the DNA fragment ends. Stringent poly-
merase chain reaction (PCR) amplification using adaptor-comple-
mentary primers with additional selective nucleotides allow for
the amplification of fragment subsets. DNA fragment subsets are
termed fingerprints and may be resolved with a range of tech-
niques (1). AFLP markers have been used on a variety of organ-



isms (14,22) and the procedure generates a large number of repro-
ducible markers (1,22). The limitation that these markers are

generally scored as dominant markers (e.g.,-either present or

absent) for diploid organisms requires the use of relatively large
sample sets (11,25).

Our null hypotheses are that sexual recombination has a signifi-
cant impact on the population structure of P. capsici in Michigan
and that mefenoxam insensitivity may not decrease in the time
frame of a typical 2-year rotation outside of mefenoxam selection
pressure.

MATERIALS AND METHODS

Field plot. Research was conducted on a commercial farm in
southwest Michigan, with a history (>11 years) of P. capsici on
bell peppers and squash and intensive use of PAF. The 4.05-ha
field sampled had previously been cropped to soybeans and corn
with no known record of P. capsici susceptible crops (e.g., toma-
toes, peppers, or cucurbits) prior to 1997. During 1997 and 1998,
yellow squash and zucchini grown in this field became diseased
with Phytophthora crown, root, and fruit rot and the grower ap-
plied mefenoxam as part of a disease management strategy
(Novartis, Greensboro, NC). In 1998, all isolates recovered were
either intermediately or fully insensitive to mefenoxam. Both Al

TABLE 1. Fixation indices (Fgy) for 37 amplified fragment length poly-
morphism loci from unique Phytophthora capsici isolates collected from a
single Michigan cucurbit field during 1998 (N = 57) and 1999 (N = 141)

Fragment® 1998 f(aa)® 1999 f(aa) Fgr®
45 0.02 0.06 0.018
54 0.29 0.29 0.000
64 0.82 0.55 0.048
104 0.11 0.06 0.007
106 0.11 0.04 0.025
110 0.41 0.36 0.002
130 0.41 0.30 0.009 .
146 0.47 0.24 0.038
149 0.12 0.27 0.029
154 0.39 0.31 0.004
156 0.53 0.83 0.054
172 0.56 0.33 0.034
189 . 0.16 0.56 0.121
192 0.16 0.37 0.044
193 0.35- 0.20 . 0.022
211 0.47 0.15 '0.088
241 0.48 0.32 0.018
256 0.04 0.01 0.022
258 0.43 0.49 0.002
261 0.55 0.54 0.000
270 0.57° 0.41 0.015
282 0.35 0.40 0.002
285 0.51 0.73 0.030
314 2 0.51 0.34 0.019
320 0.41 0.51 0.006
333 0.16 0.20 0.002
346 0.36 0.33 0.001
361 0.33 0.49 0.017
383 . 021 0.15 0.005
418 . 0.40 0.34 0.002
431 0.34 0.32 0.001
438- 0.67 0.45 0.028
454 . 0.65 0.49 0.015
492 0.29 0.40 0.009
504 0.51 0.47 0.001
511 0.38 0.28 0.007
548 0.78 0.78 0.000

* EcoRI-AC/Msel-CA selectively amplified fragment size in base pairs.

b Observed frequency of the absent state where “a” represents the absence of
a fragment.

¢ Fgp calculated from estimated allele frequencies. According to Wright's
qualitative guidelines, values from O to 0.05 indicate little genetic dif-
ferentiation and values from 0.05 to 0.15 indicate moderate genetic differ-
entiation.

and A2 compatibility types were present, and cospores were de-
tected in diseased fruit. In 1999 and 2000, yellow squash was
established in a 1,124-m? expcnmental plot in this field, and me-
fenoxam was not applied. Diseased plants and fruit were sampled
on 20 August 1998 (63 isolates from entire field), June through
August 1999 (200 isolates from experimental plot), and 13 July
2000 (34 isolates from experimental plot). All isolates were recov-
ered from single diseased plants or fruit.

Isolate collection and maintenance. Isolation from diseased
plant material was made onto BARP (25 ppm of benomyl,
100 ppm of ampicillin, 30 ppm of rifampicin, and 100 ppm of
pentachloronitrobenzene)-amended UCV8 (840 ml of distilled
water, 163 ml of unclarified V8 juice, 3 g of CaCOs, and 16 g of
Bacto agar) plates. Procedures for obtaining single zoospore
isolates were as previously described (13). Single zoospore
cultures were maintained on 30 ppm of rifampicin and 100 ppm of
ampicillin (RA)-UCV8 plates and transferred bimonthly. Long-
term storage consisted of a single 7-mm plug of expanding
mycelium from each single zoospore culture being placed in a
1.5-ml microfuge tube with one sterilized hemp seed and 1 ml of
sterile distilled water, incubated for 2 to 3 weeks at 23 to 25°C,
and stored at 15°C long term.

Phenotypic characterization. Isolates were screened for com-
patibility type as previously described. (13). Mefenoxam sensitiv-
ity was characterized according to the in vitro screening technique
described by Lamour and Hausbeck (LH technique) for P. capsici
isolates in Michigan (13). Isolates were scored as sensitive (S) if
growth on UC-V8 agar amended with 100 ppm of mefenoxam
was less than 30% compared with a control, as intermediately
sensitive (IS) if between 30 and 90%, and fully insensitive (I) if
greater than 90% compared with the unamended control. These
mefenoxam sensitivity categories are based on a trimodal dis-
tribution of 523 field isolates of P. capsici. Clear modal dis-
tributions were only attained when screening was conducted with

-a single high rate of mefenoxam-amended (100 ppm) media (K.

Lamour, unpublished data). These putative mefenoxam sensitivity

" categories were tested by in vitro crosses (I x S, IS x IS, IS x §,

and S x S), and chi-square analysis confirmed that the ob-
served progeny numbers were not significantly different than
expected for Mendelian inheritance of an incompletely dominant
trait (13). '

The LH technique differs from a commonly used method
described by Goodwin, Sujkowski, and Fry (GSF technique) (9)
for P infestans which uses two levels of amended media (5 and
100 ppm) to differentiate the three mefenoxam sensitivity pheno-
types and which has been used to characterize P. capsici isolates

+(15,18,19). Unfortunately, analysis of our in vitro crosses and field

isolates by the GSF technique did not reésolve a clear modal distri-
bution (K. Lamour, unpublished data). Assignment of Michigan P,
capsici isolates to the S category was the same whether using the
LH or GSF technique. The only difference was that some P
capsici isolates from Michigan rated as fully insensitive by the
GSF technique were rated as intermediately sensitive by the LH
technique.

DNA extraction and AFLP fingerprinting. A technique for
avoiding bacterial contamination prior to growing isolates for
DNA extraction was implemented using a modified Van Teigham
cell (4). The uppermost portion of a 7-mm plug of mycelium was
placed onto the surface of RA-WA plates (30 ppm of rifampicin,
100 ppm of ampicillin, 1,000 ml of distilled water, and 16 g of
Bacto agar) and an autoclaved cap from a 1.5-ml microfuge tube
was placed over the plug which forced the isolate to grow through
the amended media. Isolates were incubated in the dark for 2 1
3 days before two 7-mm plugs were transferred to approximately
15 ml of RA-UCVS broth in petri dishes (100 x 15 mm) and incu-
bated in the dark for 3 days at 23 to 25°C. Mycelial mats were
washed with distilled water and dried briefly under vacuum before
being frozen to —20°C and lyophilized.



Lyophilized mats were ground with a sterile mortar and pestle.
Whole genomic DNA from approximately 50 mg of ground myce-
 lium was extracted with a plant mini ,kjt (Dneasy; Qiagen Inc.,
Valencia, CA) according to the manufacturers directions. DNA
was quantified (Nucleic Acid QuickSticks; Clontech, Palo Alto,
CA) according to the manufacturers directions and approximately
100 ng of DNA was subjected to a restriction/ligation reaction,
preselective amplification, and selective amplifications using the
PCR core mix, adaptor sequences, core primer sequences, and
fluorescent-labeled primers available in an AFLP microbial
fingerprinting kit (Perkin-Elmer Applied Biosystems, Foster City,
CA, henceforth referred to as PE/ABI) and performed exactly as
described in protocol part 402977 Rev A (23). All PCR reactions
were performed with a minicycler (MJ Research Inc., Waltham,
MA) in 0.2-ml tubes according to the cycling parameters outlined
in the microbial fingerprinting protocol. _

An initial optimization set of reactions was performed with pre-
selective products from P. capsici isolate OP97, which was iso-
lated from a cucumber fruit in 1997 (13). Selective amplifications
with the selective primers EcoRI-AA, -AC, -AG, and -AT were
performed in all 16 combinations with the Msel-CA, -CC, -CG,
and -CT selective primers. EcoRI selective primers, available
from PE/ABI, were labeled at the 5° end with either carboxy-
fluorescein (FAM), carboxytetramethyrhodamine (TAMRA), or
carboxy-4',5’-dichloro-2’,7’-dimethoxyfluorescein (JOE) fluores-
cent dyes. The fluorescent dyes are excited by laser radiation and
visualized by their characteristic absorption-emission frequencies.
Only the fragments containing an EcoRI restriction. site are
resolved. T

- Products from three reactions labeled with different colored
dyes and a carboxy-X-rhodamine (ROX) size standard were
loaded into each lane on a denaturing polyacrylamide gel and the
fragments resolved in a DNA sequencer (ABI Prism 377). Results
were prepared for analysis in the form of electropherograms using
GeneScan Analysis software (PE/ABI). AFLP fragments were
scored manually as present (1) or absent (0) using Genotyper
(PE/ABI). Only DNA bands that consistently exhibited unambigu-
ous presence or absence profiles were scored.

A single isolate, OP97, was subjected to the aforementioned
protocol using three primer pair combinations that were chosen as
optimal on three separate occasions, approximately 3 months apart,
to test for reproducibility of AFLP profiles.

Clone detection and cluster analysis., AFLP fragments were
considered polymorphic if the most common allele was present in
less than 95% of the isolates from a given sample set and scored
for presence (1) or absence (0) (10). AFLP fragments present in
more than 95% of the isolates from a given sample set were

considered monomorphic. Analysis of the resulting binary data -

matrix was performed using NTSYS-pc version 2.02k (Exeter
Software, Setauket, NY). Unweighted pair group method with
arithmetic averages cluster analysis was performed on the matrix
of similarity coefficients calculated from all possible pairwise
comparisons of individuals within and among the 1998 and 1999
populations and a tree generated. Isolates showing complete
homology at all loci were considered to be clones and except for
a single representative isolate were excluded from frequency
calculations. ‘

Allele frequency and fixation indices. Allele frequencies for
AFLP markers were estimated utilizing the expected relationship
between gene and genotype frequencies in a randomly mating
population (i.e., Hardy-Weinberg proportions). The frequency of
the recessive (absent) allele (g) was calculated from the observed
number of recessive homozygote individuals (X) in a sample of n
individuals by the formula for dominant markers described by
Jorde et al. (11):

1-x
4n

G=.x+

where x = X/n is the observed proportion of individuals that do not
display the dominant (present) marker phenotype. In order to test
whether the composite genetic profiles from 1998 and 1999 were
consistent with a single randomly mating population, the fixation
index was calculated for each AFLP loci from the variance in
allele frequencies according to the following formula: Fgr = [(p,~
p2)*/4)/(average p x average g), where p is the allele frequency for
the present state with p; and p; indicating the two sample popula-
tions, and g is the allele frequency for the absent state (10). Fixa-
tion indices for individual loci were interpreted according to the
qualitative guidelines suggested by Wright (24), where the range
0 to 0.05 indicates little genetic differentiation, range 0.05 to 0.15
indicates moderate genetic differentiation, and greater than 0.25
indicates great genetic differentiation (10).

RESULTS

AFLP band characterization. Evaluation of the 16 EcoRI +
2-Msel + 2 selective primer pair combinations indicated that
EcoR1 + AC-Msel + CA gave the most clearly resolved fragment
profile and was used to amplify genomic DNA from all isolates in
both the 1998 and 1999 sample sets. This primer combination
resulted in 72 clearly resolved fragments of which 37 (51%) frag-
ments were polymorphic. in both 1998 and 1999 (Table 1). All
72 fragments were present in both 1998 and 1999 and no novel
fragments were detected between years. The following 35 fragments
(size in base pairs) were monomorphic in both the 1998 and 1999
sample sets: 41, 43, 47, 49, 58, 66, 70, 82, 85, 114, 118, 123, 133,
135, 140, 159, 174, 235, 247, 249, 272, 278, 295, 298, 300, 341,
351, 355, 367, 402, 474, 488, 502, 519, and 527. AFLP profiles
for isolate OP97, generated from separate DNA extractions on
three separate occasions over a 1-year period, resulted in identical
banding patterns with the only difference being minor changes in
the intensity of the electropherogram signal. Occasionally individ-
ual reactions resulted in poorly resolved fingerprint profiles (e.g.,
low intensity of signal) and were repeated until signals were
deemed optimal. :

Phenotypic, genotypic, and gene diversity. No isolates sensi-
tive to mefenoxam were recovered in-1998 or 2000, and single Al
sensitive and A2 sensitive isolates were recovered in 1999 (Table
2). In 1998, 18% of the isolates were intermediately sensitive and
82% were insensitive, in 1999, 2% were sensitive, 28% were
intermediately sensitive and 70% were insensitive, and in 2000,
15% of the isolates were intermediately sensitive and 85% were
insensitive to mefenoxam (Table 2). )

In 1998, 57 of the 63 isolates recovered, and 141 of the 200 iso-
lates recovered in 1999 were unique based on multilocus AFLP
profiles. No identical multilocus genotypes were recovered be-
tween 1998 and 1999. Five isolates (two A2/, two A2/IS, and -

TABLE 2. Phenotypic diversity of Phytophthora capsici isolates recovered
from the same cucurbit field in 1998, 1999, and 2000

Compatibility type and mefenoxam sensitivity®

No. of
Year® jsolates® Al/S Al/IS Al/l A2/8 A2/1S A2/1
1998 57 - 4 31 - 6 16
1999 141 1(2) 17(20) 57(53) 1(1) 23(18) 42(47)
2000 34 - 2 8 - 3 21

* Mefenoxam was applied in 1998 but not in 1999 or 2000.

® Sample sets from 1998 and 1999 consist of unique multilocus genotypes as
determined with amplified fragment length polymorphism fingerprinting,
The 2000 sample set was recovered at the beginning of the growing season
and was not fingerprinted.

€8 = sensitive, IS = intermediately sensitive, and 1 = insensitive as
determined by in vitro screening on 100 ppm of mefenoxam-amended agar.
Numbers in parentheses indicate the expected number of isolates when
mefenoxam insensitivity is assumed to be controlled by a single incom-
pletely dominant gene in Hardy-Weinberg equilibrium unlinked to com-
patibility type.
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one AUI) of P capsici collected in 1998 had one clonal
representative. Fourteen isolates collected in 1999 had between
two and four clones (Table 3). A single Al compatibility type in-
sensitive isolate had 40 clones recovered over the course of the
1999 season and comprised 3% of the early, 15% of the mid-, and
43% of the late sampling intervals (Table 3). The 1999 sampling
intervals (early, mid, and late) are based on the dates of sampling
and are not intended to reflect stages of plant growth-or the
epidemiology of P. capsici. Cluster analysis of AFLP fingerprint
variation indicated no significant clustering of isolates between
1998 and 1999.

The majority (98%) of the 37 polymorphic AFLP fragments
showed little genetic differentiation (Fsy < 0.05) between 1998
and 1999 according to Wrights qualitative criterion (Table 1) (24).

DISCUSSION

P. capsici causes significant damage to cucurbit hosts in Michi-
gan each year. In an effort to prevent or control epidemics, many
growers have used either metalaxyl or the newer, but similarly
acting compound, mefenoxam as a part of their disease manage-
ment strategy. This study was initiated in an effort to address the
concerns of growers who have high levels of mefenoxam in-
sensitivity. ’

Phenotypic data (mefenoxam sensitivity and compatibility type)
from a 1998 survey suggested that insensitivity to mefenoxam was
common and that some level of recombination is occurring in the
field (13), but without the application of additional polymorphic
markers our ability to assess population structure was severely
restricted. AFLP analysis proved to be a powerful tool for resolv-
ing the population dynamics of P capsici. A single selective
primer combination, EcoRI-AC-Msel-CA, generated 72 bands of
which 37 were polymorphic in our 1998 and 1999 sample sets.
AFLP fingerprinting, in conjunction with temporal sampling, pro-
vided a useful characterization of P. capsici from one season to
the next and allowed us to track asexual disease development over
the course of a single season.’

Our data suggests that sexual recombination significantly im-
pacts the structure of this P. capsici population. The finding that
198 of the 262 isolates recovered between 1998 and 1999 had
unique multifocus AFLP genotypes is consistent with the high
level of genotypic diversity expected in an outcrossing population

TABLE 3. Clone contribution of 15 Pliytophthora capsici isolates to the total
number of isolates collected in 1999 (N = 200)

No. of clones in early, mid, and late season®

No. of 6/22 ~7/16 7/20 - 8/3 8/5--8/18
Isolate  clones* CT/MS® N=60 N=280 N=60
JP571 2 Al/l 2 - -
JP583 2 Al/l 2 - -
JP944 3 Al/l 2 1 -
JP999 3 Al/Zl 2 1 -
JP1007 2 Al/l 1 1 -
JP1042 2 A2/1 1 1 -
JP1096 2 Al/l - 1 1
JP1102 2 A2/l - 2 -
JP1215 3 A2/1 3 - -
JP1342 2 A2/1S - 2 -
JP1369 2 Al/l 1 1 -
JP1384 4 A2/1 3 1 -
JP1512 2 Al 1 - i
JP1555 3 Al - - 3
JP1632 40 Al/L 2 12 26

* Total number of isolates with identical multilocus amplified fragment length
polymorphism profiles.

® CT = compatibility type and MS = mefenoxam sensitivity where S = sen-
sitive, 1S = intermediately sensitive, and I = insensitive as determined by in
vitro screening on 100 ppm of mefenoxam-amended agar.

¢ Sample intervals based on sampling dates only.

(7,16,17). Although clonal reproduction occurred in 1998 and
1999, no identical genotypes were recovered between years, sug-
gesting that oospores are important for overwintering. The finding
that 35 of the 37 polymorphic fragments exhibited very little
differentiation (i.e., change in allele frequency) based on the
estimated fixation indices between 1998 and 1999 is consistent
with the expectations for a recombining population large enough
to avoid dramatic changes due to genetic drift.

In 1999 and 2000, sensitive and intermediately sensitive iso-
lates (42 of 175) did not increase in a manner suggesting selection
in favor of mefenoxam sensitivity outside of mefenoxam selection
pressure. The fact that 14 of the 15 isolates with clonal reproduc-
tion in 1999 were fully insensitive may be another indication that
mefenoxam insensitivity does not have significant costs outside of
mefenoxam selection pressure. If we assume that there is only a
single mefenoxam insensitivity gene in this population unlinked to
compatibility type, designated /, and that this population is effec-
tively free from the effects of migration and genetic drift, some
interesting speculations can be made. For instance, in 1999, if the
mefenoxam sensitivity phenotypes are assumed to represent geno-
types (e.g., a fully insensitive isolate has two copies of the [ allele)
then the frequency of / can be estimated and the observed number
of unique isolates that fall into each of the six mefenoxam
sensitivity/compatibility type categories can be compared with the
expectations under Hardy-Weinberg equilibrium. In 1999, the
estimated frequency of / was 0.84, and chi-square analysis, using
the data in Table 2, indicates that the observed numbers do not
differ from those expected under Hardy-Weinberg equilibria at
P = 0.50 (¢ = 3.09, df = 4). Although This is not a particularly
powerful test due to the large number of assumptions (10), it does
lend support to the hypothesis that this population meets the
criterion for panmixia.

Our results do not allow us to reject the null hypothesis that
sexual recombination significantly impacts the structure of this
population. It appears that sexual recombination plays a sig-
nificant role in maintaining genotypic and gene diversity while
concomitantly producing overwintering inoculum. Our data also
suggest that sexual recombination may serve as a potent force
for integrating a beneficial allele based on the finding that there
were a tota} of 133 unique multilocus genotypes fully insensitive
to mefenoxam between 1998 and 1999. An interesting question
that can only be answered by following a fully sensitive popu-
lation as it shifts to insensitivity is how much genetic diversity
is lost, if any, during the PAF selection process? The question
of how long mefenoxam resistance will remain in a population
of P. capsici when selection pressure is removed can only be
answered in a tentative way. It appears that in this popula-
tion, insensitivity will not decrease within the time frame of a
typical 2-year rotation and, once resistance to mefenoxam is
established, the future usefulness of this fungicide may be ex-
tremely limited.

Comparison of the population structure reported at this single
location is currently being compared with other locations in
Michigan and the United States and should provide useful insight
into the amount of genetic diversity in sensitive versus insensitive
populations as well as the contribution of migration to P capsici
population structure.
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WorkSheet 3-A(17)(d). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

in thls worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.
For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second

alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Il, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

if you prefer, you may provide the information requested in this worksheet in a narratlve review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary

Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http/iwww.epa. gov/ozone/mbr or by calling 1-800-296-1996. |

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should look at the list of alternatives provided by

the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Crop Rotation Study: The spatiotemporal genetic structure of

Phytophthora capsici in Michigan and implications

for disease management.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?

1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this applicaﬁon, the
applicant should not complete Section Il.
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Section Il. Existing Research?'Studies on Alternatives to Methyl Bromide

. 1. Is the study on EPA's website? Yes No X
1a. If not on the EPA website, plegse attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication.and Date of Publication Phytopathology 92:681-684, 2002

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
..Crop Rotation

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Crop rotation is not highly effective because both mating types of Phytophthora capsici are present in Michigan

fields, resulting in an cospore capable of surviving for long periods of time.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable since the research was conducted in Michigan, USA.
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Root, crown, and fruit rot caused by Phytophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in the genus Phytophthora, P. capsici has the
potential for rapid polycyclic disease development from a limited
amount of initial inoculum (6). P. capsici produces caducous
sporangia that can be spread by wind-blown rain or release 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by

-— asexual spore dispersal at a local scale (within and down rows).

Sexual reproduction requires both the Al and A2 compatibility
types (CTs) and results in the production of thick-walled oospores.
Oospores are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for a number of other oomycetous organ-
isms (Bremia lactucae, P. infestans, and P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici. Michigan is the
number one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of P. capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprehensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major
vegetable production regions of Michigan, with the implicit inten-
tion of addressing questions concerning epidemiology, repro-
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ductive biology, and the durability of currently recommended
management strategies.

'METHODOLOGY

Isolate collection and maintenance. Sampling of diseased
fields began at the end of the 1997 growing season and continued
through September 2000. In all cases, fields were sampled on a
grid with guadrants varying from 40 m? to 12 km? A limited
number of isolates were collected in 1997. In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields. Isolations from-diseased plants were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique. '

Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. In vitro
screening techniques published for other Phytophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with the expectations of a
sifigle incompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitivity (MS) groupings were
tested by performing a series of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi-
tivity to mefenoxam. Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Mycelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetyltrimethylammonijum bromide (CTAB) procedure. A variety



of methods for generating molecular markers were tested for
. efficacy including isozyme, random amplified polymorphic DNA,
- and amoplified fragment length polymorphism (AFLP). The AFLP
technique resulted in a large number of reproducible markers and
was chosen to characterize samples of P. capsici from Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) restriction
enzymes, while concomitantly ligating synthetic adaptor frag-
ments of DNA to the sticky ends created by the restriction
enzymes (7). The result is a large number of DNA fragments that
have ends with known DNA sequences. Aniplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling pararheters (touchdown
techinique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
electrophcrogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA: was extracted from a single isolate
on thre¢ separate occasions approximately 3 months apart and
subjected to the aforementioned protocol. —

Data analysis. Isolates with identical muln]ocus AFLP finger-
prints were considered to be members of the same clonal lineage
and only a singlé representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or
absence (0), allele frequencies were estimated based on the
assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single field during a single year.

Genetic diversity within single populations was assessed. by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence level
were generated by bootstrapping at 1,000 iterations. The program
NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA).

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
five different farms (four Al and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of
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mefenoxam-amended media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (S x S, I x S, IS x S, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Oospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six poss1b1c MS x CT combinations
were défected in this naturally occurring oospore progeny set (3).

In planta studies using sensitive, intermediately sensitive, and
fully insensitive F. capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no
difference in the ability to. colonize host tissue between treated
and untreated plants at three times the field rate. All the progeny
isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and 82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998. Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. Two hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% were sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were. fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam
use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved a total of 94
clearly discernable markers when considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 to 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clona] reproduction was
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices (¢sr) between the
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Fig: 1. Spore types and sighs of infection caused By Phytophth
Scanning electfon rmcroscope (SEN otoof an infected cucumber showmg tafts of spora.ngm- produced on the surface of the fruit, (Bar 300 pm) ; C]ose-up ofa -
single tift of sporangia (Bar-= 30 um). F; Typical papillate sporangium with a long pedicel (Bar < 20: pm) G, Zoospotes exiting sporangia after immersion in
water (Bar = 50 pm). H, SEM photo of a single encysted zoospore that germinated and directly penetrated the epidermis of a-cu¢umber fniit (Bar = 4 um). I,
Typical amphxgynous oospore (Bar = 10 um). J, A germinating oospore with multiple germ tubes and a terminal sporangium (Bar = 100 pm)




caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural and chemical control strategies, have not pro-
vided economic control. Correspondence with other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P. capsici is being reported throughout the United States.
Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT,
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in P. cap-
sici-infected cucurbit fruit from multiple locations, and oospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. These findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal. '
Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
populations of P capsici analyzed. Tracking a single population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that oospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. This implies that populations are large enough to
withstand dramatic effects of genetic drift. Cluster analysis reveal-
ed unambiguous groups corresponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.
Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores.for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.
From an evolutionary perspective, it is clear that P. capsici has
successfully colonized a number of geographical locations in

RRAA DHVTARATHNOI ARV

Michigan and that each of the populations sampled thus_far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation' indices
between even geographically close populations (1 kmy), :and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common ‘and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the P. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
lution of mefenoxam insensitivity. The combination of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P. capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P. capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P. capsici-infested fields.
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Worksheet 3-A(17)(e). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should.address why an alternative pest management strategy on the list (see previous page) is oris
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please number
the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the same
alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, iabel the
worksheet 3-A(1)}(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 3+{A)(2)(b).

When completing Section |l if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary

Worksheet of relevant treatments should be provided for each study reviewed. :

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http:/fwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research
(2) Cite research that has been conducted by others
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies. of each study to EPA unless they are listed on the Agency website.
The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other

. websites for studies that pertain to your crop and geographic area. :

In addition, EPA acknowledges that, for certain ci}'cumstances, some alternatives are not technically feasible and therefore no research
has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by the Agency

and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Crop Rotafion, Fallow Study: Investigating the impact of crop rotation on the
) genetic structure of Phytophthora capsici.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section H.
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Worksheet 3-A(17)(e). Alternatives - Technical Feasibility of Altefnba_’tives to Methy! Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1.

Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

. Author(s) or researcher(s) K.H. Lamour

M.K. Hausbeck

. Publication and Date of Publication submitted for publication in Fungal Genetics and Biology, 2002

. Location of research study Michigan, USA

. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Crop Rotation, Fallow

. Was crop yield measured in the study? Yes No X

. Describe the effectiveness of the alternative in controlling pests in the study.

Crop rotation was not effective because the oospore is long lived in Michigan soils.

s

. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there other

factors that would affect your adoption of this tool?

The results of this study are directly applicable since the research was conducted in Michigan, USA.

OMB Control # 2060-0482
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_ ABSTRACT
Lamour, K. H. and Hausbeck, M. K.-200-. Investigating the impact of crop rotation on the

genetic structure of Phytophthord capsici. Fungal Genetics and Biology _: -

Phytophthora capsici isolates (N = 104) recovered from a single field planted to
cucumbers (1998), corn (1999 and 2000), and tomatoes (2001) were screened for compatibility
type, mefenoxam sensitivity, and AFLP profiles. Eighty-nine percent of the isolates had unique
genetic profiles with 60% of the AFLP markers polymorphic. The ratio of A1:A2 compatibility
types was =1:1 and the frequency of mefenoxam insensitive isolates was similar between years.
No clonal lineages survived between 1998 and 2001 and the pool of phenotypic and genetic
diversity remained essentially intact. This suggests that (i) the site harbors a discrete outcrossing
population with little immigration, (ii) two years rotation to corn did not significantly reduce the
effective population size, and (iii) cropping to tomatoes did not significantly impact the overall

genetic structure of P. capsici at this location. The importance of sex in maintaining diversity

* and allowing survival within a natural population of P. capsici is discussed.

Index descriptors: sex, recombination, genetic drift, host selection, migration, AFLP,

population genetics, temporal variation.
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INTRODUCTION

Phytophthora capsici has been responsible for significant losses to vegetable producers in

" the United States during the last century (1, 7-9, 13, 19, 21, 22). In Michigan, P. capsici causes

root, crown, and fruit rot on cucumbers, squash, pumpkins, tomatoes, and peppers and the
incidence and severity of disease have increased significantly in the last ten to fifteen years.
Control strategies employed by Michigan vegetable producers include planting at well-drained
sites, crop rotation to non-susceptible hosts for at least two years, and the application of
fungicides. None of the above control strategies have provided economic control under optimal
environmental conditions for disease-development. The phenylamide fungicide (PAF)
mefenoxam, or the similarly acting compound metalaxyl, has been used by some growers.
Although PAFs are fungistatic to sensitive isolates of P. capsici, a significant problem is that
many populations of P. éapsici in Michigan and elsewhere exposed to metalaxyl or mefenoxam
have adapted to PAF selection pressure and the efficacy of PAF’s in these populations'may be
greatly reduced (2, 3, 10, 11, 17, 18).

Phytophthora capsici is an outcrossing diploid organism that requires the presence of
both A1 and A2 compatibility types to complete the sexual stage and produce oosi;ores (4).
Qospores are thick-walled and appear to play an important role in survival. Asexual
reproduction is completed by a coenocytic mycelial thallus able to produce Sporangia on the
surface of infected tissue. Sporangia are borne on long caducous pedicels and may germinate
directly or indirectly. Sporangia germinate indirectly when immersed in free water and produce
20 to 40 motile zoospores. As is the case with many members of the gehus Phytoﬁhthora, eXCcess
moisture favors epidemic development (20).

Reports on the spatiotemporal genetic structure of P. capsici in Michigan suggest that
epidemics are initiated by dormant genetically diverse inoculum and that movement between
geographically separated locations is not common (12). Clonal reproduction may be significant
within a single growing season, but it appears that the perpetuation of clonal lineages is limited
to single fields and single growing seasons (12). '

Previous temporal studies were conducted on Michigan P. capsici populations infecting

cucurbit hosts over the course of a single growing season or among years separated by a single
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winter (eg; November to March) and may not reflect the dynamics of P. capsici over longer
periods of time (eg; a typical two year rotation) or among diverse hosts. In the present
investigation we test the hypothesis that P. capsici can survive a thirty month non-host period via
dormant genetically diverse propagules. In addition, we investigated the effects of selection
among cucurbit and solanaceous hosts, genetic drift, and migration on population structure.
MATERIALS AND METHODS
Isolate recovery: Tomato plants and cucumber fruit exhibiting typical signs and symptoms of
infection by P. capsici were collected from a vegetable production field located in south central
Michigan that was planted to pickling cucumbers in 1998, corn in-1999 and 2000, and processing
tomatoes in 2001. Both the cucumbers and tomatoes were planted on flat ground and the field
was irrigated via a pivot irrigation system supplied with water from a well. At the time of
harvest in 1998, the majority of the cucumber fruit présent in this field had obvious signs and
symptoms of disease ranging from discrete water-soaked lesions to being entirely covered with a
white, powdery, layer of sporangia. Other than the fruit, the plants appeared to be healthy with
no symptoms of disease on foliage, vines, or stems. Close inspection indicated that a limited
number of plants (< 5%) scattered throughout the field were stunted.

In 2001, the most frequent above-ground symptom on tomatoes infected with P. capsici
was stunting with a small number of the infected plants showing wilt symptoms. Foliar lesions
were not observed. Plants were recovered prior to fruit being set and the incidence of fruit
infection was not determined. The crown area of infected plants was brown-black. Infected
plants often had a brown crumbly epidermis from the soil line to the tap root and a significant
reduction in feeder roots. In some cases, plants with infected tap roots had numerous
adventitious roots above the point of infection. During both 1998 and 2001 diseased plant
material was collected in haphazard fashion throughout the field.

Infected cucumbers were snapped in half by hand and a small section (c. 1 cm?) of tissue
removed from beneath the cuticle. The root and crown area of infected tomato plants were rinsed
with tap water and patted dry with paper towels before a section of tissue at the edge of an
expanding lesion was removed. Tissue was not surface sterilized prior to isolation. Isolations

were made onto BARP (benomyl 25 ppm, ampicillin 100ppm, rifampicin 30ppm, and
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pentachloronitrobenzene 100ppm) amended UCV8 (840 ml dis’tilled water, 163 ml unclarified

V8 juice, 3 g CaCO,, and 16 g agar) plates. Plates were incubafed at room temperature in the
dark for 2 to 3.days before colonies were transferred. Procedures for obtaining single Zoospore
isolates were as previously described (10). Single zoospore cultures were maintained on RA
(rifampicin 30 ppm, ampicillin 100 ppm)-UCV8 plates and transferred bi-monthly. For long-
term storage, a 7-mm plug of expanding mycelium from each culture was placed into a 1.5 mi
microfuge tube with one sterilized hemp seed and 1 ml of sterile distilled water (SDW). Isolates -

were then incubated for 2 to 3 weeks at 23 to 25°C before being stored at 15°C.

“Compatibility type and mefenoxam sensitivity determination: Agar plugs from the edge of

an expanding single-zoospore colony were placed at the center of UCVS8 plates approximately 2
cm from field isolates OP97 (A1) and SP98 (A2) and incubated in the dark at 23 to 25°C for 3 to
6 days. Following incubation, compatibility type was determined.

Agar plugs from the edge of ‘actively expanding single-zoospore colonies were placed at
the center of 100 x 15 mm UCV8 plates amended with 0 or 100 ppm mefenoxam (Ridomil Gold
EC, Novartis, Greensboro, NC; 48% Al, suspended in SDW; added to UCV8 cooled to 49°C).
Inoculated plates were incubate,d at 23 to 25°C for 3 days and colony diameters measured.
Percentage growth of an isolate on amended media was calculated by subtracting the inoculation
plug diaméter (7-mm) from the diameter of each colony and dividing the average diameter of the
colony on amended.p]ates by the a\’;erage diameter of the colony on unamended control plates.
All tests were conducted at least twice. An isolate was scored as sensitive (S) if growth at 100
ppm was < 30% of the control, ihtermediately sensitive (IS) if growth was between 30 and 90%

of the control, and insensitive (I) if growth was > 90% of the control (10).

- DNA extraction and AFLP fingerprinting: Bacterial contamination was avoided by using a

modified Van Teigham cell (4). The uppermost portion of a 7-mm plug of mycelium was placed

onto the surface of RA-WA plates (rifampicin 30 ppm, ampicillin 100 ppm, 1000 ml distilled

water, and 16 g agar) and an autoclaved cap from a 1.5 ml microfuge tube was placed over the
plug which forced the isolate to grow through the amended medium. Isolates were incubated in
the dark for 2 to 3 days before two 7-mm plugs were transferred to approximately 15 ml of

RA-UCVS8 broth in 100 x 15 mm Petri dishes and incubated in the dark for three days at 23 to
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25°C. Mycelial mats were Washed with distilled water and dried briéﬂy under vacuum before
being frozen to -20°C and lyophilized. '

Lyophilized mats were ground with a sterile mortar and pestle. Whole genomic DNA
from approximately 50 mg of ground mycelium was extracted using a QITAGEN Dneasy Plant
Mini Kit (QIAGEN Inc., Valencia, CA) according to the manufacturers directions. DNA was
quantified using Nucleic Acid QuickSticks (CLONTECH, Palo Alto, CA) according to the

- manufacturer’s directions or on 1.5% agarose gels. Approximately 100 ng of DNA was then

subjected to a restriction/ligation reaétion, pre-selective amplification, and selective
amplifications using the PCR core mix, adaptor sequences, core pn'mgr sequences and
fluorescence labeled primers provided in the AFLP™ Microbial Fingerprinting Kit (Perkin-
Elmer Corp., Foster City, CA) and performed exactly as described in the PE/ABI AFLP
Microbial Fingerprinting protocol part # 402977 Rev A (23). All PCR reactions were performed
using an MJ Research Minicycler MJ Research Inc., Waltham, MA) in 0.2 ml tubes according to
the cycling parameters outlined in the miéro_bial fingerprinting protocol.

An initial optimization set of reactions was performed using pre-selective products from
P. capsici isolate OP97 which was isolated from a cucumber fruit in 1997 (10). Amplifications
with the selective primers EcoRI-AA, AC, AG and AT were performed in all 16 combinations
with the Msel-CA, CC, CG and CT selective primers. EcoRI selective primers were labeled at
the 5' end with either carboxyfluorescein (FAM), carboxytetramethyrhodamine (TAMRA), or
carboxy-4',5'-dichloro-2',7'-dimethoxyfluorescein (JOE) fluorescent dyes. Thé fluorescent dyes
were excited by laser radiation and visualized by their characteristic absorption-emission
frequencies. Only the fragments containing an EcoRI restriction site were resolved.

Selective amplification AFLP products and a carboxy-X-rhodamine (ROX) size standard
were loaded into each lane on a denaturing polyacrylamide gel and the fragments resolved in an
ABI Prism 377 DNA Sequencer. Results were prepar'ed for analysis in the form of
electropherograms using GeneScan Analysis software (PE/ABI). AFLP fragments were scored
manually as present = 1 or absent = 0 using Genotyper (PE/ABI). Only DNA bands which
consistently exhibited unambiguous presence/absence profiles were scored.

In order to assess the reproducibility of AFLP profiles, a single isolate, OP97, was
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subjected to the aforementioned protocol using three optimal primer pair combinations on three
separate occasions approximately three months apart.

Clone detection: AFLP fragments for each field isolate were scored for presence or absence,
and the binary data matrix was converted to a similarity niatfix with the program NTSY Spc
version 2.02k (Exeter Software, Setauket, NY). Unweighted paif grbup method with arithmetic
averages (UPGMA) cluster analysis was performed on the similarity matrix and a tree was
generated. Isolates showing complete homology at all loci were con§idered to be members of the -
same clonal lineage, and except for a single representative isolate (referred to as a clone) were
excluded from population genetic analysis-(15). v —

Population genetic analysis: Sample sets collected from single fields during a single year were
considered a populétion. Populatipns ‘were assuméd to be in Hardy-Weinberg equilibrium, and
each AFLP locus was assumed to be di-allelic and selectively neutral. The program “Tools for
population genetic analysis’ (TFPGA) (Miller, M. P., Northern Arizona Univ., Flagstaff, AZ)
was used to assess genetic diversity within each population on the basis of estimated average
heterozygosity (16) and the proportion of polymorphic loci at the 95% level (6), and to calculate
pairwise and overall fixation indices (F-statistics) according to the methods of Weir and
Cockérham (24). Confidence intervals for F-statistics at the 95% confidence level were
generated by boot-strapping using 1000 iterations. Estimates of the percent polymorphic loci
and estimated average .heterozygosity were calculated based on the 68 AFLP markers resolved.

. The fixation ihdex, as described by Wright, equals the reduction in heterozygosity
expected with random mating at any one level of a population hierarchy relative to another, more
inclusive level of the hierarchy (25). Weir and Cockerham’s approach to estimating fixation
indices attempts to correct for the effects of sampling a limited number of organisms from a
limited number of populations and is reported as @y instead of Fgr (24). Theoretically, the
fixation index has a minimum of 0 (no loss of heterozygosity between the populations compared)
and maximum of 1 (indicating fixation for alternative alleles in different populations or a total
loss of heterozygosity), but, as discussed by Hartl and Clark (6), the observed maximum is
usually much less than 1. Wright has suggested the following qualitative guidelines for the

interpretation of fixation indices: the range 0 to 0.05 indicates little genetic differentiation, 0.05
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to 0.15 indicates moderate genetic differentiation, 0.15 to 0.25 indicates great genetic
differentiation, and values above 0.25 indicate very great genetic differentiation.

 Using the program NTSYS-pc, the combined 0/1 data matrix for isolates from all
populations was used to construct a genetic similarity matrix of all possible pairwise
comparisons of individuals within and among populations using Jaccard’s similarity coefficient:
GS(ij) = a/(a+ b + c). GS(3j) is the measure of genetic similarity between individuals 7 and Js
where a is the number of polymorphic bands shared by i and j, b is the number of bands present
in i and absent in j, and c is the number of bands present in j but absent in i, A tree was
constructed using UPGMA cluster analysis to provide a graphic representation of the -
relationships among isolates.

Genetic structure was also examined by analysis of molecular variance (AMOVA) using
the ARLEQUIN software package (Excoffier, L., University of Geneva, Geneva). The AMOVA
analysis was used to partition the variance in banding patterns within and among the populations.
Significance values were assigned to variance components on the basis of a set of null
distributions generated by a permutation process which randomly assigned individuals to
populations and drew 1000 independent samples.

RESULTS
Isolate recovery: In 1998, 141 isolates of P. capsici were recovered from infected cucumber
fruit. Phenotypic characterization of all 141 isolates and genetic characterization of 57 isolates
has been reported previously (10, 12). Here we report only on the 57 isolates characterized
geneticaliy. In 2001, 47 isolates of P. capsici were recovered from infected tomato plants.
Genetic diversity, compatibility type, and sensitivity to mefenoxam: Evaluation of the 16
EcoRI + 2/Msel + 2 selective primer pair combinations indicated that EcoRI + AC/ Msel + CA
gave the most clearly resolved fragment profile and was used to amplify genomic DNA from all
isolates in both the 1998 and 2001 sample sets. This primer combination resulted in 68 clearly
resolved fragments of which 42 fragments were polymorphic in 1998 and 45 were polymorphic
in 2001 (Table 1). All 68 fragments were present in both 1998 and 2001 and no novel fragments
were detected among years. AFLP profiles for isolate OP97, generated from separate DNA

extractions on three separate occasions over a one year period, resulted in identical banding
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patterns with the only difference being mihor changes in the intensity of the electropherogram
signal. Occasionally individual reactions resulted in poorly resolved fingerprint profiles (eg, low :
intensity of signal) and were repeated until signals were deemed optimal.

In 1998, there were five clonal lineages detected with three lineages comprised of two
members and two lineages with three isolates each. In 2001, there were four clonal lineages
detected with two members each. No members of the same clonal lineage were detected among
the isolates collected in 1998 and 2001. The ratio of A1:A2 isolates was 29:21 in 1998 and 21:22
in 2001 (Table 2). These numbers approximate the 1:1 ratio expected for a randomly outcrossing
diploid organism. The percentage of isolates falling into the three mefenoxam sensitivity
categories was 40% and 44% sensitive, 56% and 38% intermediately sensitive, and 4% and 18%
fully insensitive for 1998 and 2001 respectively (Table 2). |
Temporal dynamics: The fixation index (D) among the populations of P. capsici recovered in
1998 and 2001 was 0.05 with a standard deviation of 0.01. This indicates that very little genetic
differentiation, or loss of heterozygosity, occurred between years at tfﬁs location. The number
and identity of bands polymorphic at the 95% level and the estimated average heterozygosity
(0.17 for both years) remained relatively similar over time (Table 1). AMOVA analysis
partitioned 3% of the total variability among years indicating that' 97% of the variation found in
1998 was also found in 2001 (Table 3). These data suggest that there was enough out-crossing
and survival of the resulting recombinant progeny at this location to maintain genic diversity.
UPGMA analysis showed that unique genotypes were between 76 and 96% similar and that
isolates from 1998 and 2001 were dispersed randomly throughout the tree (Fig 1). There was no
grouping of isolates based on year or host.

Discussion

In this study we investigated the genetic structure P. capsici infecting cucumbers and
tomatoes separated by two years of crop rotation to corn. Previous studies indicate that genetic
diversity is high in natural pépulations of P. capsici in Michigan and that the pool of AFLP
markers resolved from the isolates at this location is unique (12). By tracking the changes in the
identity and frequency of the AFLP markers over time we were able to gain novel insight into the

survivability of P. capsici at a naturally infested site and to begin deciphering the impact of crop
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rotation on P. capsici’s population structure.

There are three major evolutionary forces that could have changed the genetic structure of
P. capsici at this location between 1998 and 2001; genetic drift, selection, and migration (5, 14).
A significant pressure by any one of these should be discernable in the patterns of genetic
diversity recovered among years. Genetic drift refers to the random sampling process that occurs
within small populations over time (6). If only a small number of P. capsici propagules survived
between the epidemics in 1998.and 2001, then there should be significant changes in the
respective frequencies of neutral genetic markers just due to chance. In particular, it’s expected
that the total genetic diversity recovered in 2001 would be a subset of that recovered in 1998
because some rare markers would be missed in the sampling ( = survival) process. An in-depth
summary of genetic drift is not possible in this context, but it is clear that there was not a
significant reduc‘tic-jg in the total genetic diversity among years at this location. This is illustrated
by the fixation index estimate of 0.05 and the AMOVA analysis which indicate that between 95
and 97% of the genetic diversity found in one year was also found in the other. This suggests |
that enough propagules survived between 1998 and 2001 to withstand the differentiating effects
of genetic drift. | |

There are many environmental forces able to exert selective pressures on living
organisms. In the case presented here, the different susceptible hosts planted at this location have
the potential to select for different genetic characteristics in the P. capsici isolates attempting to -
cause infection. If only a subset of the isolates able to infect cucumbers were able to successfully
infect tomatoes then an incomplete sample of the total genetic diversity would be represented by
the infecting propagules. Here again we would expect a subset of the genetic diversity recovered
in 1998 to be recovered in 2001. In this case, differentiation is not due to random sampling of a
small population, but to the non-random nature of the sampling process (eg; P. capsici isolates
possessing specific genetic characters or constellations of characters are more successful) that
occurs under selection. Not only was there no appreciable decrease in the total amount of genetic’
diversity between 1998 and 2001, but there is no indication that P. capsici isolates infecting
tomatoes are more similar to each other than they are to isolates recovered from cucumbers. This

is illustrated by the genetic similarity tree which showed no increased genetic similarity
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(clustering) based on host or year. ‘

We were also interested in the contribution of immigrants to the epidemic in 2001. A
previous investigation of the genetic structure of P. capsici populations at diverse locations in
Michigan suggested that movement among locations was infrequent. Isolates from separate
geographical locations were unambiguously more similar to each other, even when comparing
fields separated by 1 km (12). If there were significant movement of P. capsici propagules into
this field, then it is expected that the frequencies of the AFLP markers would differ among years
and that novel markers would be introduced in 2001. Marker frequencies did not fluctuate
appreciably between years and there were no new AFLP markers detected in 2001. In addition,"
the frequency of mefenoxam insensitivity remained relatively stable. This suggests that
immigration did not contribute significantly to the epidemic occurring in 2001. o

In conclusion, it appears that these data support the hypothesis that P. capsici survives
non-host periods as genetically diverse oospores. Furthermore, this population appears to have
maintained its genetic‘diversity through a 30 month non-host period. How long viable
propagules remain in a field following an epidemic 1s still open to specﬁlation, but it is clear that
a typical two yeaf rotation may not ensure against another epidemic. Since it appears that P.
capsici may rema'in for extended periods after being introduced and that migration is not a
frequent event, then it may be helpful to decipher the mechanisms by which it spreads and

develdp strategies to limit introduction into new sites.
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Table 1. Estimates of genetic diversity within populations of Phytophthora capsici recovered
from cucumbers (1998) and tomatoes (2001) planted at the same location in south central

"Michigan -
Year No.of Unique No. of AFLP No. and percent Estimated average
isolates  isolates® bands polymorphic bands heterozygosity
1998 57 50 68 42 (62) 0.17
2001 47 43 68 45 (66) 0.17

? Total number of isolates with unique multilocus AFLP profiles.
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Table 2: Phenotypic diversity of Phytophthora capsici isolates recovered from cucumbers (1998) and
tomatoes (2001) planted at the same location in south central Michigan

No. of isolates® Compatibility type/mefenoxam sensitivity®®
Year Al/S Al/IS Al A2/S A2/1S A2/1
1998 50 10' (:20) 1'} (34) 2(04) 10200 11(22) -
2001 - 43 7 (.16) 10(24) 4(09) 12(28) 6(14) 4(09)
Total 93 17 (18)  27(30) 6 (;06) 22(24) 17(18) 4049

? Total number of isolates with unique multilocus AFLP profiles.

® Mefenoxam sensitivity determined by in vitro screening on 100 ppm Al amended media with S = <
-30% growth of control (GC), IS = between 30 and 90% GC and [ => 90% GC.

¢ Observed numbers are followed by proportion of total sample size in parenthesis.
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Table 3: Results of nested analysis of molecular variance (AMOVA) for Phytophthora capsici isolates
based on 68 AFLP markers. Variance is partitioned between isolates recovered in 1998 (N = 50) from
cucumbers and 2001 (N = 43) from tomatoes at the same location in south central Michigan.

Source of variation® Degrees of Sum of Variance Percentage of pe
freedom squares component variation
1998 and 2001
Among populations 1 17.676 0.232 3.40 <0.0001
Within populations 67 618.386 6.578 96.60

® P = the probability of obtaining a more extreme component estimate by chance alone based on 1000
sampling realizations. -
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Fig. 1: UPGMA cluster analysis of Phytophthora capsici isolates recovered from cucumbers (1998, N =
50) and tomatoes (2001, N = 43) at the same location in south central Michigan based on the Jaccard
similarity coefficient using 68 amplified fragment length polymorphism (AFLP) markers. The ratio of
isolates recovered in 1998 (cucumber) to the number recovered in 2001 (tomato) within sub-clusters is
indicated at major branch points.
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Worksheet 3-A(18). Alternatives - Technical Feasibility of Alternatives to Methyl

in this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for sach research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1){a). For the

same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-(A)(2)(a). For the second
alternative, second research study, label the worksheet 34A)2)b). '

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Endophytes Study: UNEP 1995, A-73
Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?”
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il



For EPA Use Only
ID#

Worksﬁféet 3-A(18). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Sectior{ Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the étudy on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Endophytes

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controllﬁ'o_g pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The use of non-pathogenic endophytes to control Phytophthora capsici is not proven and cannot be considered a

viable alternative at this time.

OMB Control # 2060-0482 -
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Worksheet 3-A(19). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous -
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of work

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section I, If you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research

(2) Cite research that has been conducted by others —
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and exptain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Flooding, Water Management Study: UNEP 1995, UNEP 1998, UNEP 2001, A-74, A-77, B-42,

E-74

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il.
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Worksheet 3-A(19). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Flooding, Water Management

6. Was crop yield measured in the study? Yes No

7. Descrﬁ; the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

One of the pathogens mentioned in the study is Phytophthora spp., which is a primary problem in Michigan.
However, our results differ because our production is in the field rather than the greenhouse. Michigan growers

typically use trickle irrigation and raised beds to manage water in order to reduce Phyfophthora infection.

However, these practices are not adequate in Michigan's climate where heavy rains ‘are common. These heavy

rainshowers are very conducive o Phytophthora , and cannot be controlled.

OMB Control # 2060-0482
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Worksheet 3-A(19)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one warksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b). '

When completing Section il, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http7iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of

- outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattie). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed. °

Alternative: Water Management Study: The spatiotemporal genetic structure of

Phytophthora capsici in Michigan and implications

for disease management.

Section |. Initial Screehing on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Piease describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(19)(b). Alternatives - Technical Feasibility of"—AIternatives to Methyl Bromide

Section ll. Existing Research Studies on-AIternativesji:o Methyl Bromide

1. Is the study on EPA's website? Yes No X

1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 92:681-684, 2002

4. Location of research study Michigan, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Water Management

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Despite the use of well-drained fields, conservative irrigation, and planting on raised beds, Phytophthora capsici-

is not adequately controlled. -

8. Discuss how the results of the siudy apply to your situation. Would you expect similar resuits? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable since the research was conducted in Michigan, USA.

OMB Control # 2660-0482
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The Spatiotemporal Genetic Structure of Phytophthora capsici
in Michigan and Implications for Disease Management

K. H. Lamour and M. K. Hausbeck

Department of Plant Pathology, Michigan State University, East Lansing 48824.

Accepted for publication 12 February 2002.

Root, crown, and fruit rot caused by Phytophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in the genus Phytophthora, P. capsici has the
potential for rapid polycyclic disease development from a limited
amount of initial inoculum (6). P. capsici produces caducous
sporangia that can be spread by wind-blown rain or release 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by
asexual spore dispersal at a local scale (within and down rows).
Sexual reproduction requires both the Al and A2 compatibility

types (CTs) and results in the production of thick-walled oospores. -

Oospores are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for a number of other comycetous organ-
isms (Bremia lactucae, P. infestans, and P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici. Michigan is the
namber one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P. capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of F. capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprehensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major
vegetable production regions of Michigan, with the implicit inten-
tion of addressing questions conceming epidemiology, repro-
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ductive biology, and the durability of currently recommended
management strategies.

METHODOLOGY

Isolate collection and maintenance. Sampling of diseased
fields began at the end of the 1997 growing season and continued
through September 2000. In all cases, ficlds were sampled on a
grid with quadrants varying from 40 m® to 12 km® A limited
number of isolates were collected in 1997. In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields. Isolations from diseased plants were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique.

Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. In vitro
screening techniques published for other Phytophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with the expectations of a
single tncompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitivity (MS) groupings were
tested by performing a series of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi- .
tivity to mefenoxam. Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Mycelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetyltrimethylammonium bromide (CTAB) procedure. A variety
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of methods for generating molecular markers were tested for
efficacy including isozyme, random amplified polymorphic DNA,
and amplified fragment length polymorphism (AFLP). The AFLP
technique resulted in a large number of reproducible markers and
was chosen to characterize samples of . capsici from Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) restriction
enzymes, while concomitantly ligating synthetic- adaptor frag-
-ments of DNA to the sticky ends created by. the restriction
enzymes (7). The result is a large number of DNA fragments that
have ends with known DNA sequences. Amplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling parameters (touchdown
technique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
- electropherogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA was extracted from a single isolate
on three separate occasions: approximately 3 months apart and
subjected to the aforementioned protocol.

Data analysis. Isolates with identical multilocus AFLP finger-
prints were considered to be members of the same clonal lineage
and only a single representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or
absence (0), allele frequencies were estimated based on the
assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single field during a single year. :

Genetic'diversity within single populations was assessed by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence. level
were generated by bootstrapping at 1,000 iterations. The program
NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA).

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
five different farms (four A1 and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of
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mefenoxam-amended- media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (Sx S, Ix S, IS x S, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Qospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six possible MS x CT combinations
were detected in this naturally occurring oospore progeny set (3).
In planta studies using sensitive, intermediately sensitive, and
fully insensitive P. capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no
difference in the ability to colonize host tissue between treated

and untreated plants at three times the field rate. All the progeny ~

isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and .82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998. Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. Two hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% were sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).’

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam

" use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved. a total of 94
clearly discernable markers when considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 10 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clonal reproduction was
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices (¢s7) between the
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populations sampled on consecutive years were very close to zero,
indicating that gene diversity was not measurably impacted by
genetic drift (5). The overall estimated st for populations from
different locations was 0.35, indicating that approximately 35% of
the total genetic diversity present in Michigan P. capsici popula-
tions is found among populations and 65% is found within any
one population. AMOVA partitioned genetic diversity among
(40%) and within (60%) populations. The similarity tree based on
UPGMA cluster analysis clearly showed that isolates from the

same site sampled over years branched from the same node, with
no clustering of isolates based on the year of sampling. Cluster
analysis also clearly showed  that ‘populations separated geo-
graphically branched from population-specific nodes (5).

DISCUSSIQN

During the past 10 years, Michigan has experienced a steady
increase in the incidence of root, fruit, and crown rot on cucurbits

Asexual
reproduction

Sexual
reproduction

Fig. 1. Spore types and signs of infection caused by Phytophthora capsici on cucurbit fruit: A, infected cucumber, B, pumpkin, and C, acorn squash fruit. D,
Scanning electron microscope (SEM) photo of an infected cucumber showing tufts of sporangia produced on the surface of the fruit (Bar = 300 pm). E, Close-up of a
single tuft of sporangia (Bar = 30 pm). F, Typical papillate sporangium with a long pedicel (Bar = 20 um). G, Zoospores exiting sporangia after immersion in
water (Bar = 50 pm). H, SEM photo of a single encysted zoospore that germinated and directly penetrated the epidermis of a cucumber fruit (Bar = 4 pm). I,
Typical amphigynous oospore (Bar = 10 pm). J, A germinating cospore with multiple germ tubes and a terminal sporangium (Bar = 100 pm).
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caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural -and chemical control strategies, have not pro-
vided economic cortrol. Correspondence with. other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P. capsici is being reported throughout the United States.

Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT.
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in P. cap-
sici-infected cucurbit fruit from multiple locations, and oospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. Thesé findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal.

Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
populations of P. capsici analyzed. Tracking a single population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that cospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. This implies that populations are large enough to
withstand dramatic effects of genetic diift. Cluster analysis reveal-
ed unambiguous groups corresponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.

Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.

From an evolutionary perspective, it is clear that P. capsici has
successfully colonized a number of geographical locations in
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Michigan and that each of the populations sampled thus far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation indices
between even geographically close populations (1 km), and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common -and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the P. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
Iution of mefenoxam insensitivity. The combination of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P. capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P. capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P. capsici-infested fields.
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Worksheet 3-A(20). Alternatives - Technical Eeasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative. Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(:

same alternative, second research study, labe! the worksheet 3-A(1)(b). For the first alternative, third researct

the worksheet 3-A(1)(c). For the second altgrnative, first research study, label the worksheet 3-(A)(2)(a). Fort..c vcvuiin
alternative, second research study, label the worksheet 3{A)(2Xb).

When completing Section 1, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section . A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pes’nmde and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pést control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research

(2) Cite research that has been conducted by others R
() Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertaln to your crop and geographic area.

In addition, EPA acknowledg_es that, for certain circumstances, some alternativ.es are not technically feasible and therefore no.
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: General IPM Study: UNEP 1998, B-91, B-94, B-285, B-288, B-38, B-93,

B-286,

Section l. Imtlal Screenmg on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not compiete Section Ii.
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Worksheet 3-A(20). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA’s website? Yes X No
1a. if not on the EPA website; please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
General IPM

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar resuits? Are there
other factors that would affect your adoption of this tool?

I would not expect simitar results because Michigan solanaceous crop growers use extensive IPM practices, but
have severe disease due to Phytophthora crown and fruit rot. Some of the IPM practices that growers use include

crop rotation, raised beds, mulch, trickle irrigation, and fungicide sprays. These practices, even when used in

combination, have not been adequate to manage Phytophthora capsici .

OMB Control # 2060-0482
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Worksheet 3-A(20)(b). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). Forthe
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, iabel
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2){a). For the second
alternative, second research study, label the worksheet 3{A)2)(b).

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section it. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed. ’

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance {geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbrorby calling 1-800-296-1296.

There are three major ways you can provide the Agency with procf of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others -

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: General IPM Study: The spatiotemporal genetic structure of

Phytophthora capsici in Michigan and implications

for disease management.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is preciuded by regulatory restriction for all users covered by this applicafion, the
applicant should not complete Section Il



For EPA Use Only
ID#

Worksheet 3-A(20)(b). Alternatives - Technical Feasibility of Alternatives tov'M',,ethyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Broniide '

1. Is the study on EPA’s website? . Yes No X
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) K.H. Lamour
M.K. Hausbeck

3. Publication and Date of Publication Phytopathology 92:681-684, 2002

4. Location of research study Michigan, USA_

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
General IPM

6. Was crop yield measured in the study? Yes No X

7. Describe the effectiveness of the alternative in controlling pests in the study.
Growers in Michigan follow recommended disease management strategies, inciuding water management, planting

on raised beds, rotation to nonsusceptible hosts and the use of fungicidés, and still suffer losses from

Phytophthora capsici .

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of this study are directly applicable, since the research was conducted in Michigan, USA.

OMB Control # 2060-0482



The Spatiotemporal Genetic Structure of Phytophthora capsici
in Michigan and Implications for Disease Management

K. H. Lamour and M. K. Hausbeck

Department of Plant Pathology, Michigan State University, East Lansing 48824,

Accepted for publication 12 February 2002.

Root, crown, and fruit rot- caused by Phytophthora capsici
Leonian is a limiting factor for the production of peppers,
tomatoes, and cucurbit crops in Michigan and the United States.
Like many species in the genus Phytophthora, P. capsici has the
potential for rapid polycyclic disease development from a limited
amount of initial inoculum (6). P capsici produces caducous
sporangia that can be spread by wind-blown rain or release 20 to
40 motile zoospores in the presence of free water. The polycyclic
phase of disease development is thought to be driven primarily by
asexual-spore dispersal at a local scale (within and down rows).
Sexual reproduction requires both the Al and A2 compatibility
types (CTs) and results in the production of thick-walled oospores.
Oospores are thought to serve as the primary survival structure
outside of host tissue.

Recommended disease management strategies stress the impor-
tance of avoiding excess water in the plant rhizosphere by using
well-drained fields, conservative irrigation, and planting on raised
beds. Additional recommendations include rotation to nonsuscep-
tible hosts for at least 2 years and the use of fungicides. The
phenylamide fungicide (PAF) mefenoxam is a systemic compound
with high activity against P. capsici and has been used by growers
throughout the United States to control P. capsici. Insensitivity to
PAF has been reported for a number of other oomycetous organ-
isms (Bremia lactucae, P. infestans, and P. sojae, etc.) and appears
to be conferred by a single incompletely dominant gene of major
effect (1). Growers in Michigan practicing 2+-year rotation in
well-drained fields using an array of fungicidal management tools
have experienced significant losses to P. capsici. Michigan is the
number one producer of cucumbers for pickling in the United
States and it was at the request of grower groups associated with
this industry that research into the epidemiology and reproductive
biology of P. capsici on cucurbit hosts was initiated.

Although many researchers cite oospores as the most likely
propagule for survival outside of host tissue, there have been very
few investigations specifically aimed at determining the impact of
sexual reproduction in natural populations of P. capsici. Our
hypothesis was that the sexual stage may play an important role
not only in survival but also in the adaptation of P. capsici popu-
lations to environmental stresses (e.g., fungicides). Our goal was
to perform a comprehensive investigation of the phenotypic and
genetic diversity present in P. capsici populations from the major
vegetable production regions of Michigan, with the implicit inten-
tion of addressing questions concerning epidemiology, repro-
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ductive biology, and the durability of currently recommended
management strategies.

METHODOLOGY

Isolate collection and maintenance. Sampling of diseased
fields began at the end of the 1997 growing season and continued
through September 2000. In all cases, fields were sampled on a
grid with quadrants varying from 40 m? to 12 km® A limited
number of isolates were collected in 1997. In 1998, the strategy
was to collect as many samples from as many fields as possible.
This strategy was modified in 1999 and 2000 to focus on specific
fields. Isolations from diseased plants were made onto selective
media and single zoospore cultures were generated according to
standard single sporing techniques (3). Isolates were placed into
long-term storage (15°C) using a hemp seed/sterile water tech-
nique.

Phenotypic characterization. Single zoospore isolates were
screened for CT using known Al and A2 isolates. In vitro
screening techniques published for other Phytophthora species for
assessing sensitivity to mefenoxam were compared and a novel,
simple, high dose screen using 100 ppm of mefenoxam-amended
V8 agar was found to separate field isolates into three modal
distributions that appeared consistent with the expectations of a
single incompletely dominant gene governing mefenoxam insensi-
tivity (e.g., sensitive, intermediately sensitive, and fully insensi-
tive). These putative mefenoxam sensitivity (MS) groupings were
tested by performing a series of crosses and testing whether the
observed progeny sets met the expectations for Mendelian inheri-
tance of a single incompletely dominant gene controlling insensi-
tivity to mefenoxam. Sexual crosses were conducted on un-
clarified V8 agar plates and incubated for 3 months in the dark.
Individual germinated oospores were recovered after 3 months
using previously published techniques (2).

" The efficacy of this in vitro mefenoxam screening technique
was further tested in pumpkin seedlings using progeny from a
cross between parents intermediately sensitive to mefenoxam.
Nine isolates from each of the three MS categories were screened
for pathogenicity on untreated seedlings. Single sensitive, inter-
mediately sensitive, and fully insensitive isolates were then placed
onto the unwounded surface of plants treated with either a field
rate of mefenoxam, three times the field rate, or distilled water.
Lesion diameters on seedling stems were measured after 4 days.

Genetic characterization. Single zoospore isolates were grown
in antibiotic-amended V8 broth for 3 days at room temperature.
Mycelial mats were washed, frozen, lyophilized, and ground with
a sterile mortar and pestle. DNA was extracted with either a
Qiagen Dneasy extraction kit (Qiagen, Valencia, CA) or via a
cetylrimethylammonium bromide (CTAB) procedure. A variety
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of methods for gcncraung molecular markers were tested for
efficacy including isozyme, random amplified polymorphlc DNA,
and amplified fragment length polymorphism (AFLP). The AFLP
technique resulted in a large number of reproduc1b}e markers and
was chosen to characterize samples of P. capszcz from Michigan.
The AFLP technique involves cutting genomic DNA with moder-
ately rare cutting (EcoRI) and frequent cutting (Msel) restriction
enzymes, while concomitantly ligating synthetic adaptor frag-
ments of DNA to the sticky ends created by the restriction
enzymes (7). The result is a large number of DNA fragments that
have ends with known DNA sequences. Amplification of fragment
subsets (termed fingerprints) can be accomplished using polymer-
ase chain reaction (PCR) primers complementary to the adaptor
sequences with additional “selective” nucleotides. Changing the
amount and type of selective nucleotides results in different sub-
sets or fingerprints. Stringent PCR cycling parameters (touchdown
technique) are used to ensure the fidelity of the reaction. For the
analysis summarized here, adaptor sequences and fluorescent
labeled selective primers were purchased as a kit through Perkin-
Elmer ABI (Applied Biosystems, Foster City, CA). Using this
system, AFLP fragments were resolved on a polyacrylamide gel
by an ABI 377 gene sequencer. Fluorescent labels were excited by
a laser and band emissions were analyzed in the form of an
- eleclropherogram where peaks represent individual bands. The
sizing of fragments was particularly robust because a DNA ladder
was loaded with every sample into the gel. To test for the repro-
ducibility of fingerprints, DNA was extracted from a single isolate
on three separate occasions approximately 3 months apart and
subjected to the aforementioned protocol.

Data analysis. Isolates with identical multilocus AFLP finger-
prints were considered to be members of the same clonal lineage
and only a single representative was used for analysis. Because
AFLP markers can only be scored confidently for presence (1) or
absence (0), allele frequencies were estimated based on the
assumption that populations under investigation meet the criterion
for Hardy-Weinberg equilibrium, and that loci have only one
“present” allele. The term population refers to all samples taken
from a single field during a single year.

Genetic diversity within single populations was assessed by cal-
culating the average number of polymorphic bands and estimating
the average heterozygosity. Fixation indices were calculated
according to methods of Weir and Cockerham (8) for populations
from the same site over multiple years and among populations in
Michigan using the program tools for population genetic analysis
(TFPGA) (M. P. Miller, Northern Arizona University, Flagstaff).
Confidence intervals for F statistics at the 95% confidence level
were generated by bootstrapping at 1,000 iterations. The program
NTSYS-pc version 2.02k (Exeter Software, Setauket, NY) was
used to construct a similarity matrix from the presence/absence
(1/0) data. Cluster analysis using the unweighted pair group with
arithmetic averages (UPGMA) method was performed on the
matrix and a tree was generated to give a visual representation of
isolate similarity. Excoffier’s ARLEQUIN program (L. Excoffier,
University of Geneva) was used to assess population differenti-
ation using a phenetic approach termed analysis of molecular
variance (AMOVA), which allows for total genetic variation to be
partitioned within and among populations using a classical analy-
sis of variance (ANOVA).

RESULTS

Phenotypic results. Five isolates were recovered in 1997 from
five different farms (four Al and one A2 CT). One isolate was
fully insensitive to mefenoxam, whereas the other four were fully
sensitive. These findings prompted the extensive sampling con-
ducted in 1998 in which 523 isolates (473 from cucurbits and 30
from bell pepper) were collected from 14 farms. A frequency
histogram plotting percent growth of control on 100 ppm of
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mefenoxam-amended media versus number of isolates revealed a
trimodal distribution (3). Putative MS categories were assigned
based on these groupings with sensitive (S) <30% growth of con-
trol, intermediately sensitive (IS) between 30 and 90% growth of
control, and insensitive (I) >90% growth of control. In vitro
crosses between isolates representative of the different putative
sensitivity categories (S x S,Ix S, IS x §, and IS x IS) resulted in
progeny sets not significantly different than expected for insensi-
tivity inherited as a single incompletely dominant gene unlinked
to CT (P = 0.05) (3). In 1998, 55% of the isolates were sensitive
to mefenoxam, 32% were intermediately sensitive, and 13% were
fully insensitive to mefenoxam. Al and A2 CTs were recovered in
a ratio of approximately 1:1 in 8 of the 14 farms. Oospores were
detected in naturally diseased cucurbit fruit from four farms, and
223 oospore progeny were recovered and germinated from a
single diseased cucumber. All six possible MS x CT combinations
were detected in this naturally occurring oospore progeny set (3).

In planta studies using sensitive, intermediately sensitive, and
fully insensitive P. capsici isolates supported the in vitro screening
categories, with sensitive isolates causing no disease on
mefenoxam-treated plants, intermediately sensitive isolates being
slowed by mefenoxam, and fully insensitive isolates showing no
difference in the ability to colonize host tissue between treated
and untreated plants at three times the field rate. All the progeny
isolates were pathogenic on untreated pumpkin plants (K. H.
Lamour and M. K. Hausbeck, unpublished data).

Sixty-three mefenoxam insensitive (18% intermediate and 82%
fully insensitive) isolates were recovered from a single southwest
Michigan field in 1998, Field experiments were conducted in this
field during 1999 and 2000, testing alternative cultural control
strategies, and no mefenoxam was applied. Two hundred isolates
were recovered from this site over the course of the 1999 season
and 34 isolates at the beginning of the 2000 season. Of the 200
isolates recovered in 1999 from this field, 141 had unique AFLP
genotypes. Seventy percent of these were fully insensitive to me-
fenoxam, 28% were intermediately sensitive, and 2% were sensi-
tive. In 2000, 15% of the isolates were intermediately sensitive
and 85% were fully insensitive. A single fully insensitive clonal
lineage rose in frequency over the course of the 1999 season and
comprised 20% of the total number of samples recovered (4).

During 1999 and 2000, approximately 2,500 isolates were re-
covered from farms in Michigan. Both the Al and A2 CTs were
present in every field sampled, and mefenoxam insensitivity was
detected in the majority of farms that had a history of mefenoxam
use.

Genetic results. Nine populations from the four major
vegetable production areas of Michigan were analyzed with the
AFLP procedure (N = 641). AFLP analysis resolved a total of 94
clearly discernable markers when considering all the isolates
together. No single isolate or group of isolates from a single
location contained all 94 markers. The total number of AFLP loci
in a single population ranged from 68 to 80. Seventeen (18%)
fragments were fixed for the present state across all populations,
12 (13%) fragments were polymorphic in all populations, and 65
(69%) were fixed for presence or absence in some populations and
polymorphic in others. The number of polymorphic bands within a
single population ranged from 37 to 46 with estimated heterozy-
gosities ranging from 0.18 to 0.22. Clonal reproduction was sig-
nificant within single fields over the course of the growing season.
For example, genotypic diversity in a single field ranged from
100% at the beginning of the growing season (seedling stage) to
<30% at the time cucurbit fruit were ready for harvest (4). When
considering all nine populations, genotypic diversity ranged from
42 to 96% with an average of 74% of the isolates in any sample
set having unique genotypes. Although clonal reproduction was
significant within single fields within years, no clones were
recovered from single fields between years or among fields
separated by at least 1 km. Fixation indices (bs7) between the



populations sampled on consecutive years were very close to zero,
indicating that gene diversity was not measurably impacted by
genetic drift (5). The overall estimated ¢sr for populations from
different locations was 0.35, indicating that approximately 35% of
the total genetic diversity présent in Michigan P. capsici popula-
tions is found among populations and 65% is found within any
one population. AMOVA partitioned genetic diversity among
(40%) and within (60%) populations. The similarity tree based on
UPGMA cluster analysis clearly showed that isolates from the

same site sampled over years branched from the same node, with
no clustering of isolates based on the year of sampling. Cluster
analysis also clearly showed that populations separated geo-
graphically branched from population-specific nodes (5).

DISCUSSION -

During the past 10 years, Michigan has experienced a steady
increase in the incidence of root, fruit, and crown rot on cucurbits

‘Asexual
reproduction

Sexual
reproduction

Fig. 1. Spore types and signs of infection caused by Phytophthora capsici on cucurbit fruit: A, infected cucumber, B, pumpkin, and C, acorn squash fruit. D,
Scanning electron microscope (SEM) photo of an infected cucumber showing tufts of sporangia produced on the surface of the fruit (Bar = 300 ym). E, Close-up of a
single tuft of sporangia (Bar = 30 pm). F, Typical papillate sporangium with a long pedicel (Bar = 20 um). G, Zoospores exiting sporangia after immersion in
water (Bar = 50 ym). H, SEM photo of a single encysted zoospore that germinated and directly penetrated the epidermis of a cucumber fruit (Bar = 4 ym). ,
Typical amphigynous oospore (Bar = 10 pm). J, A germinating oospore with multiple germ tubes and a terminal sporangium (Bar = 100 pm).
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caused by P. capsici. Rotation to nonsusceptible hosts, in conjunc-
tion with cultural and chemical control strategies, have not pro-
vided economic control. Correspondence with other vegetable
pathologists suggests that this phenomenon is not confined to
Michigan, and a similar increase in control failures due to blight
by P. capsici is being reported throughout the United States.

Investigation of the inheritance of MS demonstrated that MS is
inherited as a single incompletely dominant gene unlinked to CT,
In 1998, all six possible MS x CT combinations were present in
single fields and insensitivity to mefenoxam was common in
Michigan. Typical amphigynous oospores were observed in P. cap-
sici-infected cucurbit fruit from multiple locations, and oospore
progeny from a single naturally infected fruit showed segregation
for MS and CT. These findings strongly support the hypothesis
that sexual reproduction is occurring in the field, and also suggest
that sexual recombination may directly generate progeny fully in-
sensitive to mefenoxam. Tracking a single mefenoxam insensitive
population over 2 years in the absence of mefenoxam selection
pressure suggests that costs associated with mefenoxam insen-
sitivity are minimal.

Estimates of average heterozygosity and polymorphism indicate
surprisingly high levels of gene and genotypic diversity in all the
populations of P capsici analyzed. Tracking a single population
through an entire growing season showed that asexual reproduc-
tion plays a significant role in disease development within a single
season. Sampling single fields over consecutive years suggested
that clones do not survive Michigan winters and that oospores are
the primary survival propagule. Estimation of fixation indices for
samples from the same site over consecutive years suggested that
there was not a significant reduction in genetic diversity between
growing seasons. This implies that populations are large enough to
withstand dramatic effects of génetic drift. Cluster analysis reveal-
ed unambiguous groups corfesponding to geographical locations
with regional populations showing more similarity overall than
populations from different regions. Population pairwise fixation
indices corroborated this finding. The estimated overall fixation
index and AMOVA are in agreement with both, suggesting that
most (approx 60%) of the total genetic variability in Michigan is
found within any one population, but that a relatively large com-
ponent (40%) of genetic variability is found among populations.

Recommendations based on our findings are as follows: (i) the
fungicide mefenoxam may be of limited usefulness because insen-
sitivity appears to be selected for rapidly and is unlikely to
decrease when mefenoxam selection pressure is removed; (ii)
fields with epidemics are likely to harbor oospores for an extend-
ed amount of time (at least 5 years), and this factor must be
considered before replanting to susceptible hosts; and (iii) factors
that may contribute to the introduction of P. capsici into uninfest-
ed fields (e.g., drainage ditches between farms, irrigation ponds,
and the dumping of culls) need to be considered and if possible
avoided, because once an epidemic is established we have found
no evidence that the population will become extinct in an agri-
culturally meaningful time period.

From an evolutionary perspective, it is clear that P. capsici has
successfully colonized a number of geographical locations in
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Michigan and that each of the populations sampled thus far have
similarly high levels of genetic variability. The genetic stability of
single populations over multiple years, the high fixation indices
between even geographically close populations (1 km), and the
clear structuring based on UPGMA cluster analysis all suggest
that long-distance dispersal of inoculum is not common and that
geographically isolated populations are also genetically isolated. It
appears that the sexual stage of the P. capsici life cycle plays a
significant role in survival as well as maintaining both genic and
genotypic diversity, and has likely played a key role in the evo-
lution of mefenoxam insensitivity. The combination of high levels
of genetic variability, thick-walled oospores, and polycyclic
asexual disease development make P. capsici a formidable patho-
gen (Fig. 1). This work underscores the need for management
strategies aimed at preventing the spread of P. capsici to un-
infested field sites and suggests that management strategies aimed
at limiting spread within a single season may be the only option
for growers with P. capsici-infested fields.
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Worksheet 3-A(21). Alternatives - Technical Feasibility of Alternatives to Methjrl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, iabel the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3<(A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questiol

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alteffative pest control regimens for various crops, which can be found at hitp://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Grafting, Resistant Rootstock, Study: UNEP 1995, UNEP 1998, UNEP 2000, A-76, B-46, B-47,
Plant Breeding . B-83, B-94, B-281, B-282, D-91, D-105, D-109, B-87,
B-287

Section |. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Ii.
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Worksheet 3-A(21). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Sectlon Il. Existing Research Studles on Alternatives to Methyl Bromide

1. Is the 'study on EPA's website? - Yes X No
a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Grafting, Resistant Rootstock, Plant Breeding

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in control-li;g pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of the study do not readily apply to solanaceous crop production in Michigan. The study focuses on
fruit trees and grapes for control of nematodes and soil-borne pathogens. Grafting solanaceous crops onto

resistant rootstock will not solve the problem of fruit rot. Currently, resistance has not been identified.

OMB Control # 2060-0482
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Worksheet 3-A(22). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page)is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as.need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1){(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8. -

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or moi
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Res
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
. alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research .

(2) Cite research that has been conducted by others N—
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,

application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has pbsted many research studies on a variety of crops on its website and knows of more studies currently in progress.
£PA will add studies 1o its website as they become publicly available. You are encouraged fo review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Organic Amendments, Compost Study: UNEP 1998, B-281, B-283, B-40, B-87, B-287

Section |. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site? -
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant shouid not complete Section Il.
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Worksheet 3-A(22). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA’'s website? ’ Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Organic Amendments, Compost

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar reéults? "Are there
other factors that would affect your adoption of this tool?

The studies include root-knot nematodes, Fusarium and Verticillium , and do not account for Phytophthora capsici,

which is Michigan's primary problem. Therefore, the results of these studies do not reflect what would be expected

to occur in Michigan, USA.

OMB Control # 2060-0482
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Worksheet 3-A(23). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)}a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section Ii, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) ct
successfully instead of methyl bromide by crop and circumstance {geographic area.) The Agency has developed a lis. v pusans
alternative pest control regimens for various crops, which can be found at httg://lwww.epa.goviozone/mbr er-by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others C—

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
outcome. You must submit copies of each study to EPA unless they are fisted on the Agency website.

_The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknoWledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Planting Time ~ Study: UNEP 1998, B-41

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in.consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section ii.
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Worksheet 3-A(23). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl bemide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Planting Time

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controliing pests in the study.

8. Discuss how the results of the study apply to your sntuatxon Would you expect similar results? Are there
other factors that would affect your adoption of this tooi?

Phytophthora capsici is a problem at all times of the year, and cannot be avoided by altering the planting time.

OMB Control # 2060-0482
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Worksheet 3-A(24). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

in this worksheet, you should address why an alternative pest management strategy on the list (see prevnous page)is oris
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for
each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, labei the worksheet 3-A(1)(a). For the

same alternative, second research study, {abel the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a): For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Ii, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can befound at http://www.epa.gov/ozone/mbr or by caliing '

There are three major ways you can provide the Agency with proof of your investigative work
(1) Conduct and submit your own research :

(2) Cite research that has been-conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the reséarch yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as apphcahon rates,
application intervals, pest pressure, weather conditions, vatieties of the crop used, etc. All results should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has'posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alterhatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasibie in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed. .

Alternative: Plowing and Tillage Study: UNEP 1998, B-41

Section |. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(24). Alternatives - Technical Fe§$ibi|iw of Alternatives to Methyl Bromide

“Section Il. Existing Research Studies on Altérnatives to Methyl Bromide

1. Is the study on EPA’s website? . Yes X K No
1a. If not on the EPA website, please attach a copy. '

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. f more than one alternative, list the ones you wish to discuss.

Plowing and Tillage

6. Was crop yield measured in the study? Yes No

7. Describe the effecti\)éness of the alternative in controlling pests in the study.

8. Discuss how the resuits of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Michigan growers would not expect similar results, since the cited study did not include Phytophthora capsibi . The

cited study does not list pathogens which are primary problems in Michigan, USA.

OMB Control-# 2060-0482
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Worksheet 3-A(25). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

in this worksheet, you should address why an alternative pest management strategy on the list (see previous page)is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please
number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1){a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, fabel the worksheet 3-(A)(2)(b). .

When completing Section I, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section Il. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which ¢an be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be con

scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, efc. All results should be inciuded, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA wilt add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Resistant Cultivars Study: UNEP 1998, B-83, B-87, B-94, B-282, B-283, B-284,

B-288, B-46, B-287

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative oh your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this apphcatlon the
applicant should not complete Section ii.
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Worksheet 3-A("_j2;':'5). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Exiéting Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s}

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.

Resistant Cultivars

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

" 8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The comments in these reports do not state that genetic resistance to Phytophthora capsici_exists.

OMB Controf # 2060-0482
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Worksheet 3-A(25)(b). Alternatives - Technical Fquibility of Alternatives to Methyl Bromide

In this worksheet, you shouid address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet cor\_tains 9 questjons. You must complete one copy of worksheet 3-A for .
each research study you use to evaluate a single methyl bromide alternative. Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3-{A)(2)(a). For the second
alternative, second research study, label the worksheet 3{(A)(2)(b). '

When cbmpleting Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section [ and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://iwww.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.

(1) Conduct and submit your own research

(2) Cite research that has been conducted by others —
(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included, regardiess of
“outcome. You must submit copies of each study to EPA unless they are listed on the Agency website. :

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become pubilicly available. You are encouraged to review the EPA website and other
websites for studies that pertai‘n to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Resistant Cultivars Study: Pepper Phytophthora resistant variety Test, Martino

Farm, Vineland, NJ, 2000.

Section |. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country
1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not compliete Section il.
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Worksheet 3-A(25)(b). Alternatives - Technical Feasibility of Altérnatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methy! Bromide

1. Is the study on EPA's website? Yes X No

1a. if not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) S.A. Johnston, S A. Garrison, M.L. Fogg, M.D. Zimmermén, W.L. Kline

3. Publication and Date of Publication Rutgers University report, 2000

4. Location of research study New Jersey, USA

5. Name of alternative(s) in study. if more than one alternative, list the ones you wish to discuss.
Resistant varieties of bell and non-bell pepper types.

6. Was crop yield measured in the study? Yes X No

7. Describe the effectiveness of the alternative in controlling pests in the study.
All pepper varieties suffered blight due to Phylophthora capsici, with even the most resistant variety showing

28% blight by the end of the study.

8. Discuss how the results of the study apply to your situation. Would you expect similai resuits? Are thefe
other factors that would affect your adoption of this tool?

Michigan growers would expect to see similar results, because the cultural practices and environmental conditions

are comparable to those in New Jersey.

OMB Control # 2060-0482



PEPPER (Capsicum sp.) | S.A. Johnston, S.A. Garrison, M.L. Fogg,
Blight, Phytophthora:capsici M.D. Zimmerman & W.L. Kline

PEPPER PHYTOPHTHORA RESISTANT VARIETY TEST, MARTINO FARM,
VINELAND, NJ, 2000: The experiment was conducted on the Robert Martino Farm in
Vineland, NJ (Cumberland County). The field has been in continuous pepper production for
greater than 25 years, and is naturally infested with Phytophthora capsici. On 2 Jun, the field
was prepared for transplanting peppers by making ridges. Bare-rooted pepper transplants were
mechanically transplanted onto the ridges with a commercial transplanter. Plots consisted of a
single 13 ft long row that contained 8 plants, and rows were spaced 3 ft apart. Varieties were
replicated 4 times in a randomized complete block design. Rainfall (June 6 — August 24) at
Rutgers Agricultural Research & Extension Center (located approximately 20 miles from site of
pepper experiment) was 3.6 in. in Jun; 3.0 in. in Jul; and 3.5 in. in Aug [June rainfall (in inches):
6/6=0.46; 6/12=0.27; 6/14=0.11; 6/15=0.06; 6/16=0.02; 6/18=0.45; 6/22=0.31; 6/26=1.12;
6/28=0.70; 6/29=0.04; 6/30=0.08; July rainfall (in inches): 7/3=0.20; 7/4=0.34; 7/13=0.01;
7/14=0.04; 7/15=0.59; 7/17=0.01; 7/19=0.39; 7/20=0.25; 7/22=0.04; 7/24=0.03; 7/26=0.98; _
7/27=0.08; 7/30=0.02; and August rainfall (in inches): 8/3=0.09; 8/4=0.11; 8/8=0.02; 8/9=0.26;
8/11=0.41; 8/12=0.34; 8/13=0.02; 8/14=1.85; 8/18=0.38]. Plots were evaluated for the incidence
of Phytophthora blight 10, 17 and 24 Aug. Plots were harvested on 31 Aug, and marketable fruit
were weighed for yield determinations. = ‘

Phytophthora began to appear in the field in late Jun, and the majority of plants in the
susceptible varieties were infected by the end of Aug. Heavy rainfalls in early-mid Aug resulted
in a rapid increase in disease incidence in susceptible varieties. ‘Paladin’ and ‘Aristotle’
consistently had significantly fewer infected plants compared to the susceptible check variety,
‘Cherry’. ‘LBV’ had significantly fewer infected plants than the check at the first two evaluation
dates only, and “HMX9640° had significantly fewer infected plants than the check only at the 17
Aug evaluation date. Only ‘Paladin’ produced a significantly greater yield than the check.

% Blight*
Variety Type 10 Aug 17 Aug 24 Aug Yield (Bu/A)
Cherry............. Non-bell 27.3a 47.3ab 74.4ab 120.6b-d
Paladin.............. Bell - 5.2cd 52fg 28.3d 312.1a
Aristotle............ Bell 7.5b-d 24.1c-f 37.0d 91.0cd
BHN-1............ _ Bell 19.8a-c 29.5b-e 60.7b 72.8cd
HMX9640....... Bell 18.4a-d 20.9d-f 72.0ab 75.5¢cd
AZS ... Non-bell 32.6a - 534a 77.4ab 68.9cd
AZ9 ... Non-beli 23.9a-c 49.7ab 72.3ab 170.0bc
AZ20.............. Non-bell 24.4ab 33.8a-d 79.9ab 239.3ab
IBV.rrnne Non-bell 0.0d 10.4e-g 61.7ab 3.7d
LIH....cccoveeen. Non-bell 25.4ab 35.7a-d 59.0bc 3.3d.
LIM....cccornnee. Non-bell 28.1a 41.4a-c 82.5a 2.5d
| IR ) SR Non-bell 5.2cd 0.0g 38.1cd 12.4d
LSD (P<0.05) 18.8 20.25 214 - 1325

* Data transformed using arcsine square root-
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" Worksheet 3-A(25)(c). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page)is oris
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.
For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section Il if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet. .

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section ll. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All resuits should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website. ’
The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by
the Agency and explain why they cannot be used for your crop and in your geographic area. :

Use additional pages as needed.

Alternative: Resistant Cultivars Study: Pepper Phytophthora resistant variety-test, 2000.

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site? ’

1a. Full use permitted X
1b. Township caps
1c¢. Alternative not acceptable in consuming country

1d. Other (Please describe)

If use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section [i.
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Worksheet 3-A(25)(c). Alternatives - Technical Feasibility'_'_bf Alternatives to Methyl Bromide

Section ll. Existing Research Studies on Alternativés to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s) S.A. Johnston, S.A. Garrison, M.L. Fogg, M.D. Zimmerman, W.L. Kline

3. Publication and Date of Publication Rutgers University report, 2000

4, Location of research study New Jersey, USA

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Resistant varieties of bell and non-bell pepper types. :

6. Was crop yield measured in the study? Yes X No

7. Describe the effectiveness of the alternative in controlling pests in the study.
All pepper varieties suffered blight due to Phyfophthora capsici, with even the most resistant variety showing

47% blight by the end of the study. Cov

8. Discuss how the resulits of thé study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool? '

Michigan growers would expect to see similar results, because the cultural practices and environmental conditions

are comparable to those in New Jersey.

OMB Control # 2060-0482



PEPPER (Capsicum annuum) . S.A. Johnston, S.A. Garrison, M.L. Fogg,
Blight; Phytophthora capsici M.D. Zimmerman & W.L. Kline

PEPPER PHYTOPHTORA RESISTANT VARIETY TEST, 2000: The experiment was
conducted in a field that produced peppers in 1999 with 100% of plants infected with
Phytophthora blight at the end of the season. The field (Aura loam, pH 6.3) was located at the
Rutgers Agricultural Research & Extension Center in Upper Deerfield Township. On 12 Mar,
the field was “V-ripped’, and 24 Apr, fertilizer (400 Ib/A of calcium nitrate — 62 Ib nitro gen/A)
was applied and incorporated. On 27 Apr, Command 3ME (21 fl.oz./A) + Devrinol 50DF (3
1b/A) were applied and lightly incorporated for weed control. On 28 Apr, black polyethylene
mulch and Netafim drip irrigation tubing was laid onto the field in flat culture. On 2 Jun, Dual II
Magnum 7.6E (1.5 pt/A) + Gramoxone Extra 2.5E (2 pt/A) was applied to the row middles for
weed control. On 5 Jun, pepper varieties were transplanted into the field with a Kennco water
wheel transplanter. Plots consisted of a 15-ft-long double row of peppers (10 plants/row; 20
plants/plot). Varieties were replicated 4 times in a randomized complete block design.
Supplemental soil fertility (30 16/A of N-P-K, Blu-Gre-L.C with minor elements, Plant Food
Company, Inc., Cranbury, NJ) was applied via injection through the drip irrigation system on 22
Jun, 13 Jul and 3 Aug. Rainfall was 3.6 in. in Jun, 3.0 in. in Jul, 3.7 in. in Aug and 4.1 in. in Sep.
Tensiometers were placed within two randomly selected rows to measure soil moisture 6 and 12
in. below the mulch. Whenever tensiometer readings registered 50cb or greater soil tension,
supplemental irrigation was applied via the drip irrigation system. Plots were visually evaluated
for the incidence of Phytophthora blight on 30 Jun, 5, 20 Jul, 2, 18 Aug and 2 Oct. Plots were
harvested on 10 Aug. :

Since the field was planted to peppers in 1999, and 100% of the plants were infected with
Phytophthora blight, the early season rains and lack of raised bed culture resulted in a high
incidence of disease in the field in 2000. Phytophthora blight began to appear in the field in late
June, and rapidly progressed through the field with 75% of plants of the susceptible cultivar,
‘Camelot’, infected by early July. ‘Paladin’, ‘Aristotle’ and ‘BHN-1" significantly reduced the -
percentage of Phytophthora blight compared the ‘Camelot’ at all evaluation dates until mid-
August. ‘BHN-1" did not significantly reduce blight compared to ‘Camelot” at the last .
evaluation date in August; whereas, ‘Paladin’ and *Aristotle”’ still had signficantly less blight. By
early October there were no significant differences among varieties in blight. ‘Paladin’ was
particular effective in reducing the incidence of the crown rot phase of blight; however, it was
susceptible to the aerial phase of the disease which resulted in the high incidence of blight by the
end of the season.



- % Blight* . Yield
Variety Type 30 Jun 5 Jul 20 Jul 2 Aug 18 Aug (bw/A)
Paladin Bell 0.0c. 0.0e 6.4d - 21.6¢ 47.3¢ 99.4d
Aristotle Bell 9.2bc 26.4cd 45.2¢c 57.8b 64.4bc 419.9ab
BHN-1 Bell 4.6¢ 24.8d 47.2bc 57.0b 73.4ab 401.7ab
HMX9640 Bell 21.6a 40.9b-c 66.0ab 74.7ab 85.4ab 288.5bc
Camelot Bell 26.4a 62.3a 82.2a 86.8a 90.0a 438.5a
AZ8 Non-bell 8.9bc 45.8a-c 63.8a-c 78.0a 83.4ab 187.4cd
AZ9 Non-bell 16.8ab 49.1ab 75.8a 79.7a 90.0a 257.6¢
AZ20 Non-bell 26.2a 56.0ab 71.6a 82.5a 84.3ab 173.3cd
LSD (P<0.05) 11.4 20.2 19.0 19.8 22.4 133.9

* Data transformed using the arcsine square root.
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Worksheet 3-A(26). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

in this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.

For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1){c). For the second alternative, first research study, label the worksheet 3{A)(2)(a). For the second

alternative, second research study, label the worksheet 3{A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summ_ary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section . A Research Summary
Worksheet of relevant treatments shouid be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest conirol measures (pesticide and non-pesticidal, and their combination) could be used
successfully instead of methy! bromide by crop and circumstance (geographic area.) The Agency has developed a list of possibie
alternative pest control regimens for various crops, which can be found at htip/iwww.epa. .gov/ozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies/be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as

application intervals, pest pressure, weather conditions, varieties of the crop used, etc. All results should be included

outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currer..., ... .o g e
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website and other
websites for studies that pertain to your crop and geographic area.

in addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and therefore no
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by

the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Soilless Culture Study: UNEP 1998, B-44, B-83, B-282, B-287

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site? )
1a. Full use permitted X
1b. Township caps
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

\f use of this alternative is precluded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il
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Worksheet 3-A(26). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

Section Il. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. if not on the EPA website, please attach a copy.

2. Authdr(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Soilless Culture '

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controlling pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

Soilless culture is achieved in some parts of the world through the use of volcanic gravel, and has been helpful in

managing various soil-borne pathogens. This method of disease control is unproven for management of

Phytophthora capsici, and is not feasible for Michigan growers who do not have access to volcanic gravel.

OMB Contro! # 2060-0482



For EPA Use Only
ID#

Wdrksheet 3-A(27). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

In this worksheet, you should address why an alternative pest management strategy on the list (see previous page) is or is
not effective for your conditions. This worksheet contains 9 questions. You must complete one copy of worksheet 3-A for

each research study you use to evaluate a single methyl bromide alternative Use additional pages as need.
For worksheet 3-A you must complete one worksheet for each alternative, for each research study addressed. Please

number the worksheets as follows. For the same alternative, first research study, label the worksheet 3-A(1)(a). For the
same alternative, second research study, label the worksheet 3-A(1)(b). For the first alternative, third research study, label
the worksheet 3-A(1)(c). For the second aiternative, first research study, label the worksheet 3{A)}2)(a). For the second
alternative, second research study, label the worksheet 3-(A)(2)(b).

When completing Section II, if you cite a study that is on the EPA website, you only need to complete questions 1, 5, and 8.

Summarize each of the research studies you cite in the Research Summary Worksheet.

If you prefer, you may provide the information requested in this worksheet in a narrative review of one or more relevant
research reports. The narrative review must reply to Section | and questions 1 through 8 in Section I. A Research Summary
Worksheet of relevant treatments should be provided for each study reviewed.

BACKGROUND

EPA must consider whether alternative pest control measures {pesticide and non-pesticidal, and their combination) could be used
successfully instead of methyl bromide by crop and circumstance (geographic area.) The Agency has developed a list of possible
alternative pest control regimens for various crops, which can be found at http://www.epa.goviozone/mbr or by calling 1-800-296-1996.

There are three major ways you can provide the Agency with proof of your investigative work.
(1) Conduct and submit your own research

(2) Cite research that has been conducted by others

(3) Cite research listed on the EPA website

Whether you conduct the research yourself or cite studies developed by others, it is important that the studies be conducted in a
scientifically sound manner. The studies should include a description of the experimental methodology used, such as application rates,
application intervals, pest pressure, weather conditions, varieties of the crop used, efc. All resuilts should be included, regardless of
outcome. You must submit copies of each study to EPA unless they are listed on the Agency website.

The Agency has posted many research studies on a variety of crops on its website and knows of more studies currently in progress.
EPA will add studies to its website as they become publicly available. You are encouraged to review the EPA website

websites for studies that pertain to your crop and geographic area.

In addition, EPA acknowledges that, for certain circumstances, some alternatives are not technically feasible and the
research has been conducted (i.e. solarization may not be feasible in Seattle). You should look at the list of alternatives provided by

the Agency and explain why they cannot be used for your crop and in your geographic area.

Use additional pages as needed.

Alternative: Substrates, Plug Plants Study: UNEP 1998, B-87, B-90, B-94, B-284, B-285, B-287,
e B-288, B-286

Section I. Initial Screening on Technical Feasibility of Alternatives

1. Are there any location-specific restrictions that inhibit the use of this alternative on your site?

1a. Full use permitted X
1b. Township caps ‘
1c. Alternative not acceptable in consuming country

1d. Other (Please describe)

if use of this alternative is preciuded by regulatory restriction for all users covered by this application, the
applicant should not complete Section Il .
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Worksheet 3-A(27). Alternatives - Technical Feasibility of Alternatives to Methyl Bromide

0

Section ll. Existing Research Studies on Alternatives to Methyl Bromide

1. Is the study on EPA's website? Yes X No
1a. If not on the EPA website, please attach a copy.

2. Author(s) or researcher(s)

3. Publication and Date of Publication

4. Location of research study

5. Name of alternative(s) in study. If more than one alternative, list the ones you wish to discuss.
Substrates, Plug Plants

6. Was crop yield measured in the study? Yes No

7. Describe the effectiveness of the alternative in controliing pests in the study.

8. Discuss how the results of the study apply to your situation. Would you expect similar results? Are there
other factors that would affect your adoption of this tool?

The results of these studies do not apply to the situation in Michigan, because Phytophthora capsici is not

diéseminated via seeds or transplants. The examples given in the UNEP 1998 studies include Alfernaria,

Didymella, Fusarium oxysporum, Clavibacter michiganensis subsp. michiganensis, Verticillium spp. and

Pseudomonas spp. These examples do not apply to the situation in Mi;:higan._ Use of pathogen-free seeds and

transplants is not a viable alternative for P. capsici.

OMB Control # 2060-0482
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Worksheet 4. Alternatives'f-, Future Research Plans

Please describe future plans to test alternatives to methyl bromide. (All available methyl
bromide alternatives from the alternatives list should have been tested or have future tests
planned.) There is no need to complete a separate worksheet for future research plans for
each alternative - you may use this worksheet to describe all future research plans.

1. Name of study: Alternatives to methyl bromide for control of Phytophthora capsici, Verticillium spp.,and Fusarnum
oxysporum f.sp. lycopersicae on solanaceous crops in Michigan, USA.

2. Researcher(s): Dr. Mary Hausbeck

Mr. Brian Cortright

3. Your test is planned for:  April to October, 2003, 2004.

4, Location: Southwestern Michigan, USA at Michigan State University's Research and Extension Center, __ .

several plots will be placed with various commercial growers.

5. Name of alternative to be tested:

Multigard FFA (47, 71 gal/lA) Telone C-35 (15, 32 gal)

Mult'iga/rd Protect Chloropicrin 100%

Multigard Protect + Vapam HL (37, 56'gaI/A) Idomethane 67/33

CX-100 (applied as drip or preplant | . Chicken manure composted
6. Will crop yield be measured in the study? Yes X No

Whenever possible.

7. I additional testing is not planned, please explain why. (For example, the available
alternatives have been tested and found unsuitable, an alternative has been identif.cu v .o
not yet registered for this crop, available alternatives are too expensive for this crop, etc.)

OMB Control # 2060-0482
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Worksheet 5. Additional Information
1. How will you minimize your use and/or emissions of methyl bromidé?
1a. Check all methods you willuse ____ Nothing
_X_Tarpaulin (high density polyethylene)
_ X Virtually impermeable film (VIF)
__>£_ Cultural practices (please specify) rotation, raised beds, black plastic,
trickle irrigation v
1b. Will you use other pesticides to reduce use of methyl bromide? Yes_ X No __

If yes please specify.  foliar fungicides including Ridomil Gold (tomato, eggplant, pepper) and Acrobat (tomato)

will be used.

1c. Other non-chemical methods: (please specify):
raised beds, drip irrigation, black plastic, foliar fungicide sprays, rotation

—— 2. Do you have access to Arecycled methyl bromide? _ Yes No X

If yes, how many pounds? Ibs.

3. Do you anticipate that you will have any methyl bromide in storage on
January 1, 20057 Yes No X

If yes, how many pounds? Ibs.

4. What is the cumulative amount spent to date by the user or consortium
on research to develop alternatives to methyl bromide (beginning in
1992)? _ - $ 1.1 miilion

5. Other investments, if any, made to reduce your reliance on methyl bromide. Describe eéch
investment and its associated cost.

Michigan State University's vegetable plant pathology program has made the research its top priority.

6. Identify what factors would allow you to stop or reduce your use of methyl bromide
(e.g. registration of particular pesticide; completion of research plan; capital outlay).

Completion of our research plan, identification, development, and implementation of new disease managern

would greatly reduce our methyl bromide use.

Whéﬁ'dé'ydu'ék’peé’t tsse to oaour? R,
Within 5 to 10 years.

7. Range of acres farmed by growers included in this application?
(insert number of users in each category)

0-10 acres
10-25 acres
25-50 acres
50-100 acres
100-200 acres
200-400 acres
over 400 acres

2 oo ||~



For EPA Use Only
ID#

Worksheet 5. Addltlonal Informatlon (continued)

8. Range of square feet of the area to which apphcants included in
this application will apply methyl bromide? (insert number of users
-in each category)
. 0-5,000 sq. ft
__5,001-10,000 sq. ft.
___10,001 - 20,000 sgq. ft.
20,001 -40,000 sq. ft.
____ 40,001 - 80,000 sq. ft.
480,001 - 160,000 sq. ft. (1-10 A)
_25_over 160,000 sq. ft. (over 10 A)

| certify that all information contained in this document is factual to the best of my knowledge.

Signature | Ik %//ML . Date- -7- 3.5 - 09—

Print Name Mary K. Hﬂsbeck Title Professor

Information in this application may be aggregated with information from other applications and used by the United
States government to justify claims in the national nomination package that a particular use of methyl bromide be
considered "critical* and authorized for an exemption beyond the 2005 phaseout. Use of aggregate data will be
crucial to making compelling arguments in favor of critical use exemptions. By signing below, you agree not to
assert any claim of confidentiality that would affect the disclosure by EPA of aggregate information based in part on

information contained in this application.

Signature Aok //;/ Wu oz, ' Date 2- 05 09-
J .

Title Professor

Print Name Mary K. Hausbeck

Burden means the total time, effort, or financial resources expended by persons to generate, maintain, retain, or disclose or provide information to or for a Federal agency. This includes the time
needed to review instructions; develop, acquire, install, and utilize technology and systems for the purposes of collecting, validating, and verifying information, processing and maintaining
information, and disclosing and providing information; adjust the existing ways to comply with any previously applicable instructions and requirements; train personnel to be able to respond to a
collection of information; search data sources; complete and review the collection of information: and transmit or otherwise disclose the information. Public reporting burden for this collection of
information is estimated to average 324 hours per response and assumes a large portion of applications will be submitted by consortia on behalf of many individual users of methy! bromide. An
agency may not conduct or sponsor, and a person is not required to respond to, a collection of information unless it displays a current OMB control number.

OMB Control # 2060-0482
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Worksheet 6. Application Summary
This workshaeel will be posted on the web to nofify the public of requests for critical use exemptions beyond the 2005 phase out for methy! bromide. Therefore, this worksheet cannot be claimed as CBI.

1. Name of Applicant: Michigan solanaceous crop growers

2. Location: Michigan, USA )
3, Crop: Solanaceous crops: inciuding tomato, pepper, eggplant -
4. Pounds of Methy! Bromide Requested 2005 116.408 8
5. Area Treated with Methyl Bromide 2005 2,687 Bcres unlt§

6. If methyl bromide is requested for additional years, reason for request;

2006 __ 113.230__ibs. Area Treated 2,636 acres _units
2007 _ 108,875  lbs. Aroa Troated . 2,535 acres __ units

Place an "X" in the column(s) labeled "Not Technically Feasible” and/or "Not Economically Feasible™ where appropriate. Use the "Reasons” column to describe why the potential
alternative is not feasible.

Potential Alternatives Not Not . Reasons
Technically | Economically
. Feasible Feasible
1,3-Dichloropropens, Chiorapicrin X Not afiective.
1.3-D, Chioropicrin, Pebulate X Not effective.
1,3-D, Metam Sodium X Not effective.
Basamid . X Not effective. A
Basamid, Solarization X Not effective. Climau; in Michigan, USA is too cold for solarization.
Metam Sodium X Not effective.
Matam Sodium, Crop Rotation X Not effective, pathogens long-lived. ‘
Msthyl lodide ‘ X Not registered in USA.
Propargy! Bromide : X Not registered in USA.
.4
Biofumigation ! X Efflcacy is nof proven, rsquires solarization.
Solarization ) X Climate in Michigan, USA is too cold.
Fungici - 2 X Climate in Michigan, USA is too cold for izati i has developed to regi fungi
Steam X Not technically feasible for large scale agricultura,
Biological Cor.nrol . X Eﬁioecy is not proven.
Cover Crops, Mulching X Not eﬂ‘scﬂv;a', already used in commearcial production.
Crop Residue Compost X : Not tested against Phytophthora capsici, and efficacy can vary regionally.
Crop Rotation, Faliow , R _~ X Not effective, pathogens long-lived, alraady used in commercial production.
Endophytes X Efficacy is not proven.
|Flooding, Water Management K X Fiooding is not feasible, trickle and raised beds are used, but frequent heavy rains favor disease.
General IPM X Utilized by growars, bu{ is not adequate for disease control.
Grafting, Resistant Rootstock, Plant Breading X Rasistant rootstock has not bean Identified. Wouid not be. effective against root rot,
QOrganic Amendments, Compost X Not tested against Phylophthora capsici.
Planting Time X Not effective, Phylophthora capsici is a problem year-round.
Plowing and Tillage X Nol tested against Phytophthora capsici.
Resistant Cultivars : X |Resistant varieties have not been identified.
Soliless Culure X . Volcanic ash, rockwool ere not viable atternetives for large-scale production in Michigan, USA.
Substrates, Plug P.Iants X {Primary pathagens are not disseminated on aeed or transplants,




